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Abstract

Glass obtained from melting a mixture of industrial wastes (panel glass from dismantled cathode ray tubes, mining residues from feldspar excavation
and lime from fume abatement systems of the glass industry) has been employed for manufacturing micro- and macro-cellular sintered glass-
ceramics. Micro-cellular glass-ceramics, with a closed porosity, were prepared by the direct foaming of the glass mass, determined by viscous
flow sintering of fine powders (<37 wm), due to addition of a SiC-based waste (from the polishing of glass articles). The surface crystallization of
glass, upon sintering, limited the porosity (being about 50%), but imparted a remarkable crushing strength to the products (up to about 80 MPa),
useful for construction applications. Micro- and macro-cellular glass-ceramics, with an open porosity and very low relative density (from 40 to
less than 10%), were prepared by the sintering of fine glass powders mixed with sacrificial poly-methyl methacrylate microbeads or deposited on
sacrificial poly-urethane sponges. The crystallization, besides imparting a good mechanical strength, allowed the maintenance of the open-celled

morphology, useful for filtering applications.
© 2006 Elsevier Ltd. All rights reserved.

Keywords: Sintering; Mechanical properties; Glass; Glass ceramics; Structural applications; Waste materials

1. Introduction

Sintering treatments represent an undoubtedly interesting
method for the manufacturing of glass-ceramics.'> The prod-
ucts generally possess a very pleasant aesthetic appearance,
unavailable for glass-ceramics obtained by the traditional nucle-
ation/crystal growth procedure and comparable to that of natural
stones and traditional ceramics. A very important example is
that of “Neoparies” glass-ceramics, based on [3-wollastonite,
which represent a well established commercial product in Japan
since 1970s.> The process is based on the surface crystalliza-
tion of glass powders, with concurrent viscous flow densifica-
tion (‘sinter-crystallization’), and features remarkable economic
advantages. Due to the rapid crystallization of glass particles,
compared to bulk pieces with the same composition,*” nucle-
ating agents in the glass formulation are not essential and the
processing times are very limited. These features are very prof-
itable for glasses obtained by melting mixtures of wastes, to be
converted into low-cost glass-ceramics, typically for building
applications.®~10 It must be noted that the sintering approach
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may have a positive influence on reducing the (usually high)
costs of waste vitrification: as the glasses are employed in pow-
dered form, there is no need to perform an extensive refining
(generally required to remove some defects, like gas bubbles
from vitrification reactions), with a limited holding time of glass
at high temperatures. A short vitrification process is also use-
ful for impeding the volatilisation of certain dangerous oxides
(like PbO), which remain immobilized in the glass structure.3
A wide range of sintered glass-ceramics from waste glasses has
been reported.! =18

The sintering approach has recently led to significant innova-
tions, applied to fine glass powders (typically <37 wm),!415.17.18
Firstly, the same enhancement of crystallization, provided by
the high specific surface of fine powders, may lead to the
development of phases which are hardly found by applying
the traditional procedures. Feldspar and feldspathoid crystals
(like sanidine, trikalsilite, nepheline), known to give notably
stable glasses, practically unable to crystallize, have been
recently found as the main crystal phase of several sintered
glass-ceramics.!>17-18 Secondly, using fine glass powders may
allow the incorporation of secondary phases, like alumina
platelets,'*!3 useful for the preparation of strong glass-ceramic
matrix composites. Finally, the fine powders may be useful
for the preparation of cellular glass-ceramics, deposited on
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polymeric foams, by the so-called “replication process” (the
polymeric foam models the solid fraction of the final cellu-
lar material),'® or mixed with “foaming agents”, i.e. additives
originating gaseous species (from combustion or decomposition
reactions) embedded in the pyroplastic mass provided by the
sintering of the same glass powders.?? Also an “indirect repli-
cation” method (with the pores modelled by sacrificial organic
materials), has been recently reported.’! Porous glass-ceramics
are of remarkable interest, especially in the field of biomaterials
(employed for the regeneration of trabecular bone)?! or in filter-
ing applications (open-celled glass-ceramics are permeable to
fluids and may act as substrates for catalysts).!”

In this work we illustrate the production of cellular sintered
glass-ceramics, both by direct foaming (exploiting a SiC-based
waste) and by the usage of sacrificial polymeric materials. The
surface crystallization, already experienced with the employed
glass formulation for the development of monolithic glass-
ceramics,!”!8 was found to be even enhanced in porous bodies
(due to the relevant specific surface), impeding an extensive
“direct” foaming but imparting to the related cellular glass-
ceramics a notable mechanical strength. In the case of the usage
of polymeric templates, the crystallization was useful for impart-
ing, in addition to mechanical strength, a defined pore morphol-
ogy, by counteracting the viscous flow of glass.

2. Experimental

Panel glass, corresponding to the front part of CRTs (hardly
recyclable, due the high quality requirements for the same
CRTs), was added with residues from feldspar excavation (frac-
tions of feldspar minerals not employed in the ceramic industry
due to their high silica content) and calcium hydroxide from
fume abatement systems of the glass industry (after reaction
with acidic fumes, this waste contains several pollutants, like
nitrates, sulphates, fluorides, etc.). Details about the composi-
tion of the starting wastes and the melting process are reported
in a previous paper,'® focused on the preparation of monolithic
sintered glass-ceramics. The chemical analysis of the investi-
gated glass is shown in Table 1. The transition temperature is
595 °C and the dilatometric softening point is 680 °C.'8

For direct foaming experiments, glass powders (maximum
size of 37 wm) were added with a SiC-based polishing waste,
whose composition is also illustrated in Table 1. This waste
corresponds to the residues from the polishing of artistic glass
articles; the main constituent is SiC, the abrasive material, cou-
pled with the abraded glass. The relatively high content of Fe; O3
is due to the fact that SiC powders (with a maximum dimen-
sion of about 50 wm) are generally deposited on cast iron discs,
which are subjected to a certain abrasion during the polishing
of glass. The current production of polishing waste from glass
abrasion, in factories near Venice, is about 200 t per year, and rep-
resents a pressing environmental problem, since no application
is available; moreover, the disposal of this kind of waste is com-
plex and expensive, due to the presence of significant traces of
heavy metal oxides, from the formulation of the abraded artistic
glasses. The SiC-based waste was employed in concentrations
of 5, 10 and 15 wt.%. Some samples featured a further addi-

Table 1
Chemical analysis of the starting materials

Glass Polishing waste
SiO, 519 25.0
Al O3 9.5
Na,O 7.1 5.0
K,O 32 2.0
CaO 16.2 2.0
MgO 0.8 1.1
BaO 3.1
SrO 1.3
Fe 03 0.7 15.0
Cr203 0.3
MnO 0.2
CuO 0.2
TiO, 0.2 0.2
V4{0)) 0.2
PbO 0.4 0.3
Zn0O 0.1 0.6
Asp03 0.2
Sb,03 0.6 1.0
P,0s 0.1
B,03 1.5
F 2.4 0.1
Cl 0.1
SO3 0.4
SiC 48.0

tion of MnO; powders (reagent grade, 10 pm, Sigma—Aldrich
Co. Ltd., Gillingham, UK), for a ratio between MnO» and SiC-
based waste equal to 1/5. The SiC waste-glass mixtures were
homogenized in a ball mill for 30 min and subsequently gen-
tly pressed in a rectangular die. Glass sinter-crystallization and
foaming were achieved by subjecting the mixtures to a thermal
treatment at 880 and 950 °C, with a heating rate of 10 °C/min
and a holding time of 1 h.

For indirect replication experiments, fine glass powders were
dispersed in a solution of commercial silicone resin (MK,
Wacker-Chemie GmbH, Miinchen, Germany) in acetone (in
the proportions 8 g glass/0.8 g resin/100 cc acetone) under mag-
netic stirring; after drying (60 °C, overnight), the dispersion was
ground, thus producing glass particles covered by a thin layer of
silicone resin, subsequently mixed with poly-methyl methacry-
late microbeads (with a diameter of about 190 wm, Cray Valley
Waterborne Polymers Department, Atofina Italia, Milan, Italy)
in the volume proportions 30% glass/70% polymer. In some
formulations a slight amount (5 wt.%) of «-SiC (HC Starck
Inc., Newton, MA, <1 pm) was added to the glass powders
to promote gas formation and provide additional porosity. The
glass-polymer mixture was pressed in a steel die at 30 MPa and
treated at 300 °C for 2 h (0.5 °C/min heating rate) to eliminate
the microbeads and cause the cross-linking of the silicone resin
(acting as a binder). Sintering treatments, for 0.5 or 1 h, were
performed at 880 and 950 °C, with a heating rate of 20 °C/min
or by direct insertion of green bodies in the furnace.

Finally, for direct replication experiments, the glass powders
(additionally sized to a dimension <25 wm) were dispersed in
an aqueous solution (18 g of glass for 30 cc of solution) of poly-
vinyl-alcohol (1.7 wt.%, employed as viscosity modifier), added
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with bentonite (5 wt.%, employed as binding agent). The com-
ponents were homogenised by magnetic stirring (for 30 min) and
ultrasonication (for 10 min). Commercial poly-urethane sponges
(Bulpren S 28280 — cell size ~2800 wm — Recticel IDC, Wet-
teren, Belgium) were subjected to 3 or 6 cycles of immersion in
the obtained slurry, centrifugation (15 min at 300 rpm) to pre-
vent excessive impregnation and drying (60 °C, 1h); after the
last impregnation cycle the sponges, coated with glass parti-
cles, were dried overnight and heat treated at 880 °C for 1h,
causing both the burn-out of the polymeric substrate and the
sinter-crystallization of glass powders in the form of open-celled
foams.

The density measurements were performed both geometri-
cally and by using a gas pycnometer (Micromeritics AccuPyc
1330, Norcross, GA), operating on bulk and powdered samples.

The crushing strength of the foams was measured at room
temperature by compression testing, using an Instron 1121 UTM
(Instron Danvers, MA) with a cross-head speed of 1 mm/min,
on samples of a nominal size of about 8§ mm x 8 mm x 3 mm
(for foams from direct foaming) or 10 mm x 10 mm x 8 mm
(for foams from indirect replication), cut from larger specimens.
Each data point represents the average value of 5-10 individual
tests.

The morphology of the porous glass-ceramic samples was
studied by means of optical and scanning electron microscopy
(Philips XL 30 ESEM, Eindhoven, The Netherlands). Powdered
samples were investigated by X-ray diffraction (Philips PW
3710, Eindhoven, The Netherlands), employing Cu Ko radia-
tion (0.15418 nm).

3. Results and discussion

The porous structure had a remarkable effect on crystalliza-
tion. As shown in Fig. 1, cellular glass-ceramics exhibited, for
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Fig. 1. XRD patterns of cellular glass-ceramics (methods of direct foaming and
indirect replication) compared to that of a monolithic sintered glass-ceramic
with the same parent glass composition.

sintering treatments of only 1 h at 880 °C, practically the same
diffraction pattern as monolithic glass-ceramics from the same
powders (and the same maximum dimension of 37 pum) sintered
at 880°C, for 2h. The holding time of 2h, for monoliths, as
reported by Bernardo et al.,'® corresponds to the condition of
maximum crystallization. The phase assemblage consists of an
alkali feldspar, i.e. sanidine (K, Na)AlSi30g2? (the main crys-
tal phase), mixed with feldspathoids crystals corresponding to
trikalsilite> and panunzite,?* both represented by the same for-
mula (K, Na)AlSiOy4 (the crystals are polymorphs, and a clear
distinction is difficult, except for a few peaks in the XRD pat-
tern); traces of Ca alumino-silicate CazAlgSi»O162° and Ca-K
silicate K4Ca(Si03)32° are also present. Some unreacted sic?’
was found in samples from direct foaming.

The unusual crystallization of feldspar crystals (feldspar min-
erals are known to give excellent glasses, but unable to crystal-
lize in practical times),1 for monoliths, had been attributed to
the high nucleation activity of fine glass powders, upon sinter-
ing. At the surface of glass powders, the crystal nuclei are not
completely surrounded by the parent glass, so that the volume
variations, typical of crystallization, are less impeded than in
the bulk (where the nuclei are completely surrounded by resid-
ual glass).*”’ Fine glass powders, by maximizing the specific
surface, i.e. maximizing the content of “free” glass surfaces, sig-
nificantly promote nucleation, even for phases which are hard
to precipitate. Precisely, for the monoliths, feldspathoid crystals
(the first to be developed, according to Bernardo et al.)'® were
susceptible to surface crystallization in limited times, like in
another work, focused on nepheline glass-ceramics. ! In the case
of porous bodies, the precipitation of crystals is even acceler-
ated, likely due to the high specific surface of cellular materials:
in a monolith, the progression of sintering gradually reduces the
“free glass surfaces”, i.e. the nucleation sites; in a foam, every
cell wall may be useful for surface crystallization.

The enhanced crystallization in porous glass-ceramics is evi-
dent also from their morphology. Fig. 2a and b illustrates the
morphology of a cellular sintered glass-ceramic from direct
foaming. Several pores in the 200-300 wm range are visible,
surrounded by a number of smaller micro-pores. The surface of
cell walls, as shown in Fig. 2b, features the presence of a num-
ber of crystal “protrusions”, consistent with the above described
mechanism of crystallization.

Although SiC is well known to be an excellent “foaming
agent” for the production of cellular glasses, due to its oxi-
dation (with formation of CO and CO; gases),28 the cellular
glass-ceramics from direct foaming process (see Fig. 3) did not
exhibit a particularly low relative density (i.e. the ratio between
the “apparent” density of the cellular material, determined geo-
metrically, and the “true density”, or density of the solid phase,
easily measured by pycnometry on finely powdered samples),
notlower than 30%; this is confirmed by the relatively thick struts
in Fig. 2a. It is well known, from the literature,2® that elongated
crystal inclusions, embedded in a glass matrix, greatly increase
the viscosity of the system. The viscosity of the pyroplastic mass
determined by the sintering of glass was reasonably enhanced
by the concurrent crystallization, so that the gas formation did
not cause a relevant foaming. The best expansion was reached



2418 E. Bernardo / Journal of the European Ceramic Society 27 (2007) 2415-2422

p—— 10um

Fig. 2. Morphology of cellular glass-ceramics: (a, b) direct foaming (10% SiC-based waste, 2% MnO,, sintered at 880 °C); (c, d) indirect replication (direct insertion

at 950°C, for 1 h).

with treatments at 950 °C, with the highest content of SiC-based
waste (15 wt.%); in this case a certain decrease of crystalliza-
tion was observed (the intensity of diffraction peaks, at 950 °C,
decreased about 50%), thus favouring the expansion. It must be
noted, in addition, that 950 °C has already been evidenced as the
optimum temperature for the preparation of cellular glass with
SiC employed as foaming agent.’® Finally, a certain improve-
ment of expansion is visible for samples made with the addition
of MnO». This behaviour, as previously observed for cellular
glasses foamed with the same SiC-based waste,3! is attributable
to the improved oxidation of SiC (MnO; decomposes into
MnO and some oxygen), leading to an enhanced amount of

90
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Fig. 3. Plot of crushing strength vs. relative density for cellular glass-ceramics
produced by the direct foaming method.

“expanding” gas and to a more uniform distribution of gas
bubbles.

The crushing strength of cellular glass-ceramics foamed with
SiC-based waste, illustrated by the same Fig. 3, is relevant. In
general, the crushing strength of a porous material is ruled by the
relative density pye|, following the well-known equation devel-
oped by Gibson and Ashby (GA)*2:

0t = 0bend[C(Ppre)*’? + (1 — @) pre] (1

where openg 1s the bending strength of the solid phase and the @
parameter rules the pore distribution (open or closed porosity).
In fact, the quantity (1 — @) expresses the fraction of solid at the
cell faces; if the foam is open-celled, with fully interconnected
pores, the solid phase is only at cell edges, so that @ tends to unity
(1 — @=0); on the contrary, for a closed-cell foam, @ is lower,
since some material constitutes the separation walls between the
pores. C is a dimensionless calibration constant, being ~0.2. In
the present case, the @ parameter was estimated to be equal to 0.5
(the same quantity of solid at the cell edges than at the cell walls);
the bending strength of the solid phase was considered to be
equal to 85 or 110 MPa, corresponding to the bending strength of
monoliths from the same glass powders (not pressed), sintered at
880 °C for 1 and 2 h,!” respectively. From Fig. 3 it is evident that
the crushing strength (especially for samples sintered at 880 °C,
with 5 and 10 wt.% SiC-based waste) largely exceeds that pre-
dicted from Eq. (1), even for a bending strength of 110 MPa.
This means that the solid phase, in a cellular body sintered for
1 h, is stronger than a monolith sintered for 2 h. This substan-
tially confirms the observations from the diffraction patterns:
the increased specific surface (due to porosity) corresponds
to an increased “intrinsic” strength, induced by the enhanced
crystallization. Finally, it should be noted that the strength of
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cellular glass-ceramics (up to about 80 MPa) is comparable to
that reported for conventional clay bricks,?? with a lower den-
sity (the density of the present cellular glass-ceramics was in
the range of about 0.82—1.36 g/lcm?®, while the density of clay
bricks is higher than 1.5 g/cm?).3# This makes the glass-ceramic
products useful in applications as structural panels. In addition,
applications as lightweight (thermally and acoustically insulat-
ing) aggregates in concrete are possible: the usage of drastically
weaker glass foams as aggregates has already been reported.’3-30
However, while glass foams may experience alkali-silica reac-
tion with concrete® (it is well known that alkali-silica reaction
in concrete is based on the availability of amorphous silica in the
aggregates), cellular glass-ceramics are expected to be less reac-
tive. Moreover, the recent findings about cellular glasses foamed
with the SiC-based waste3! suggest that the chemical stability of
the cellular glass-ceramics could be good. All these conditions
are positive for the investigated materials to enter the market of
construction materials, which in turn, due to its huge dimension,
could be highly advantageous for a large absorption of wastes.

Replication methods were useful for the preparation of dras-
tically more porous glass-ceramics. The “indirect replication”
process caused an open-celled porosity, shown in Fig. 2c, deter-
mined by the packing of glass powders around PMMA micro-
beads and stabilized by the silicone binder after the burn-out
of the polymer. The formation of gases, due to the addition,
in some cases, of fine commercial SiC (the SiC-based waste is
rather coarse, so that it was thought to be hardly homogenized
in the glass/silicone/PMMA mixture) and to the oxidation of
the silicone resin (this kind of polymers is subjected to ceramic
conversion at about 570 °C, with the development of a silica-
based residue and the evolution of gases, due to burn-out of
carbon)?” determined a certain expansion (it can be seen that
the pores are generally larger than the PMMA microbeads); in
any case, the microstructure was generally more homogeneous
than in the porous glass-ceramics from direct foaming (typi-
cally, as shown in Fig. 2c, there was a number of pores in the
300-400 wm range, coupled with some smaller micro-pores and
openings between adjacent cells). The relative density, as shown
in Fig. 4, was in the range 0.12-0.30 (the density varied from
0.38t0 0.84 g/cm®). The open-celled morphology was confirmed
by pycnometry measurements, from which it was inferred that
the open porosity (due to the several openings between adjacent
cells) varied from 94 to 97%.

From Fig. 4, it is interesting to note the modification of both
strength and relative density with the conditions of thermal treat-
ment. The treatment at 880 °C, due to the relevant crystallization
ability of glass at this temperature, minimizes the porosity (and
maximizes the strength) by limiting viscous flow expansion;
the increase of sintering temperature to 950 °C (at which crys-
tallinity is lower) and the SiC addition reduce the relative density
to values commonly reported for glass foams (pre ~ 0.15, cor-
responding to a porosity of about 85%).28 Conventional heating
causes a low expansion and the best crushing strength values;
direct insertion at the sintering temperature is useful for reducing
the density. This condition is reasonable, since the samples from
conventional heating are “exposed” for a longer time at high
temperatures, at which crystallization occurs, with the above

7
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0.0 0.1 0.2 0.3 0.4
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Fig. 4. Plot of crushing strength vs. relative density for cellular glass-ceramics
produced by the indirect replication method; reference lines refer to @ = 1, typical
for open-celled foams.

described increase of viscosity. The presence of “pre-existing”
pores from PMMA burn-out, however, led to aremarkable poros-
ity even with limited viscous flow; the same increase of viscosity
is thought to be advantageous in counteracting any collapse of
the PMMA-modelled porosity. Direct insertion at 950 °C, at
which the crystallization ability is lower, slightly favours the
viscous flow, with a certain expansion effect, maximized by the
addition of SiC (a certain flow effect is evident by considering
the sintering time: the expansion decreased by decreasing the
sintering time from 1 h to 30 min).

The crushing strength, as shown in the same Fig. 4, is well
fitted by Eq. (1) (with @ =1, typical for open-celled foams) for a
bending strength of the solid phase equal to 110 MPa. This means
that the “intrinsic” strength of porous bodies, i.e. the strength of
the solid phase, after sintering treatments of 1 h, is comparable
to the strength of monoliths sintered for 2h. Like in the pre-
vious cellular glass-ceramics, the enhanced crystallization, due
to porosity, caused an enhanced mechanical strength. It must
be noted that the achieved open-celled glass-ceramic foams are
stronger than commercial closed-celled glass foams, which for
a relative density of about 0.15 possess a crushing strength of
about 1 MPa.?838

Surface crystallization, with the formation of protrusions at
the cell walls, is visible from Fig. 2d. The protrusions greatly
enhance the specific surface of glass-ceramic foams, already
remarkable for highly porous bodies; this feature, coupled with
the open-celled morphology, makes the materials obtained by
indirect replication promising for applications as catalyst sup-
port or in gas filtering.

The fact that crystallization counteracts viscous flow is
even more evident with macro-cellular foams made by direct
replication of PU sponges. As shown in Fig. 5, the morphology
of PU sacrificial substrates was maintained in the cellular
glass-ceramics. In general, while for direct foaming the high
viscosity of a glass embedding elongated crystals had the
negative effect of limiting the expansion (the crystallization
limits the development of porosity), in replication processes it
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Fig. 5. Optical and SEM micrographs of macro-cellular foams from direct replication of PU sponges: (a) PU substrate; (b) PU substrate coated by glass powders
(six cycles); (c) cellular glass-ceramic (three cycles); (d) cellular glass-ceramic (six cycles); (e) example of hollow strut; (f) crystals at the surface of struts.

has the positive effect of maintaining the pore shape (the crys-
tallization limits the viscous flow, i.e. the collapse of the cellular
structure). Although the replication process could be improved,
by employing even finer glass particles (mainly in order to
expedite the impregnation), after some preliminary tests (on
samples of a nominal size of about 15 mm X 15 mm x 10 mm),
the foams exhibited a promising crushing strength, consistent
with recent findings about analogous cellular glass-ceramics!'®:
for three cycles of impregnation, the relative density was 0.06
(6% of solid) and the strength was of 40 kPa; six cycles led to a
limited increase of relative density, equal to 0.11, compared to
the increase of strength, which reached 120 kPa (0.12 MPa). The
crushing strength of the foams from direct replication is reason-
ably lowered by the presence of hollow struts, as evidenced by
Fig. 5e (if the viscous flow of glass is impeded by crystallization,
the porosity induced by the burn-out of the polymeric substrate
is hard to be removed in limited times). The effect of the number
of depositions is mainly due to the continuity and thickness of
the glass coating (it can be seen, from Fig. 5d, that six deposition
cycles led to a more homogeneous and defined morphology
of struts). The surface crystallization is visible also for these

foams, as evidenced by Fig. 5f. Due to the relevant porosity, the
macro-cellular foams could be applied in fluid filtering or as
catalytic support. Further studies will be dedicated, besides to
the improvement of the deposition (by modifying the particle
size of the starting glass powders), to reinforcement techniques;
Duke et al.*® demonstrated that feldspathoid crystals, like
nepheline, are suitable for ion strengthening (replacement
of sodium ions with potassium ions, by immersion of glass-
ceramics in fused potassium salts), with a notable increase
of bending strength (nepheline glass-ceramics exhibited a
spectacular strength increase from 58 to 1300 GPa).!3° The
variation of the sodium/potassium balance could be reasonably
applied to the feldspar and feldspathoid crystals developed in
the present glass-ceramics; the increase of bending strength of
the solid phase should produce, with the same porosity content,
a relevant increase of crushing strength, according to Eq. (1).

4. Conclusions

In this investigation, a glass obtained by employing wastes
(panel glass from dismantled CRTs, mining residues and lime
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from fume abatement systems) as raw materials, was success-
fully converted into sintered cellular glass-ceramics, by simple
and economic treatments, starting from fine particles. The main
features of the obtained products may be summarized as follows:

1. the enhanced specific surface of porous bodies causes the
enhancement of surface nucleation, which is the key point
for a rapid crystallization and the precipitation of particu-
lar crystal phases (feldspar and feldspathoid crystals, hardly
found in conventional glass-ceramics);

2. cellular glass-ceramics made by a direct foaming process,
focused on the oxidation of a SiC-based waste, added to the
fine glass powders, did not exhibit a very low density, due
to the increase of viscosity caused by the crystallization; the
same crystallization led to a remarkable crushing strength,
which could constitute the basis for applications of the porous
glass-ceramics in the construction industry;

3. lightweight open-celled micro-cellular glass-ceramics were
prepared by exploiting the burn-out of PMMA microbeads
(indirect replication), eventually coupled with a SiC addi-
tion; the enhanced crystallization was the origin of both a
relevant crushing strength and an enhanced specific surface
(see crystal protrusions at the cell walls);

4. Highly porous macro-cellular glass-ceramics were obtained
by direct replication of PU sponges; although improvements
of the deposition technique are expected, the surface crystal-
lization was useful for avoiding any collapse of the cellular
structure caused by the viscous flow of glass; the crystal
phases of the investigated glass-ceramics could be useful for
chemical strengthening treatments.
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