
ISSN 1087�6596, Glass Physics and Chemistry, 2014, Vol. 40, No. 2, pp. 173–179. © Pleiades Publishing, Ltd., 2014.

173

1 INTRODUCTION

Glasses are among the materials attracting great
interest in the recycling concept. As an illustration,
European laws encouraged recycling of glass contain�
ers, windows, or cathode ray tubes. Converting glass
wastes to glass foams is an approach to defeat this
problem. Foam glass is a cellular glass having two dif�
ferent phases, i. e. solid and gas. The solid phase con�
sisted of a glass material which forms thin walls of sin�
gle cells with several micrometers thick. The cells are
filled with the gaseous phase. Depending on destina�
tion, heat�insulating and soundproof glass foam may
respectively have predominantly closed or intercon�
necting pores [1–3].

In general, glass foam prepared from glass cullet
needs a milling step to produce a glass powder. The
main industrial process currently employed for glass
foam manufacturing is sintering of powdered glass
admixed with suitable agents promoting the formation
of a gaseous phase on heating. Different phenomena
occur under thermal treatment of such a mixture
resulting in the foam formation. When the tempera�
ture of the mixture exceeds the softening temperature,
glass particles start sintering and form a continuous
sintered body where the particles of the pore�forming
agent are insulated by the softening glass. After a cer�
tain temperature is reached, gaseous phase is gener�

1 The article is published in the original.

ated and emitted frothing the glass. Due to gas emis�
sion, pores emerge in all parts of the sintered body
where the particles of the pore�forming agent were
blocked [4, 5]. The characterizations of the manufac�
tured foam glasses by last method are depended on the
type and concentration of used foaming agent, the
type of glass, initial particle size of the glass and the
foaming agent, heating rate, foaming temperature,
heat treatment time, and cooling rate [6].

The shape and size of pores and the properties of
glass foam obtained largely depend on the type and
concentration of the used foaming agent [7]. The
foaming agents have two different types: neutralization
and redox agents. Neutralizing agents are usually the
carbonates, e. g. calcium carbonates, which decom�
pose on heating with gas release (CO2) [8, 9]. The sec�
ond group usually includes carbon�containing materi�
als such as coke, graphite, and silicon carbide (SiC).
The oxidation reaction of the foaming agent by gases
dissolved in the glass melt is the main reason for gas
release by these materials. SiC is represented as an
excellent foaming agent, owing to a complex oxidation
process (capable of the high flexibility) [10]. A certain
economic and environmental benefit could be found
in case of available waste SiC. Moreover, authors [11,
12] used Si3N4 and TiN as foaming agents for manu�
facturing foam glass, respectively.

Oxidizing agents can promote oxidation of foam�
ing agent and as a result foam glasses with smaller
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pores size, narrow pores size distribution and hence,
higher mechanical strength can be achieved. Authors
[13] used SiC as foaming agent and MnO2 as oxidizing
agent in foam glasses produced from soda�lime glasses
waste. They reported that SiC oxidation was encour�
aged by MnO2 addition. Moreover, a complex effect
was observed on correlation between density and
mechanical strength. For some selected amounts, a

more homogeneous foaming effect was found which
provided a stronger cellular structure.

In this study, the effects of Fe2O3 and Co3O4 (as
oxidizing agents) on microstructure and properties of
soda�lime foam glass with SiC were investigated. Con�
cerning the effects of these oxidizing agents, to the best
of our knowledge no report has appeared in the litera�
ture.

MATERIALS AND METHODS

Processing

Common soda�lime glass from municipal recycling
activity was employed as the raw material. The chem�
ical analysis of this glass is shown in Table 1. The glass
was dry ball�milled and sized to achieve powders with
a maximum particle size of 63 µm. In order to investi�
gate the quantity of the foaming agent and foaming
temperature, samples fabricated using several different
processing conditions. High purity SiC (with mean
particle size of 45 µm) was added to the glass powders
in different concentrations (2, 4, 6, and 8 wt %). The
chemical composition and X�Ray diffraction pattern
of SiC are shown in Table 2 and Fig. 1, respectively.
The SiC and waste–glass mixtures were homogenized
in a ball mill for 30 min. Then, 8 wt % water and
3 wt % polyvinyl alcohol (PVA) as binder were added
to the mentioned batch. Subsequently, samples pre�
pared by uniaxial dry�pressing using a pressure of
75 bar in a die to obtain 30 mm diameter pellets with a
thickness of 6 mm. Prepared samples were thermal
treated in electric furnace at 750, 850 and 950°C, with
a heating rate of 10°C/min and a 1 h holding time.
Further amounts of Fe2O3 and Co3O4 powders were
added to selected samples (reagent grade, 10 µm,
Sigma–Aldrich Co. Ltd., Gillingham, UK) sepa�
rately, in three different concentrations (0.4, 0.8 and
1.2 wt %).

Characterization

By a home�made mechanical testing instrument,
the obtained foams were subjected to bending tests
with a crosshead speed of 20 mm/min, employing
samples of about 150 × 15 × 10 mm (ASTM C158).
The apparent density of specimens was measured by
Archimedes route. Moreover, the true density of the
specimen is measured by gas pycnometer rout
(Micromeritics AccuPyc 1330, Norcross, GA). The
microstructure of the glass foams was studied by scan�
ning electron microscopy (TESCAN, Vega II,
Check). Porosity percent is calculated based on the
P = [1 – (d/dp)] × 100 formula in which P is porosity
percent, d is apparent density and, dp is pycnometry
density [14].

Tabel 1. The chemical analysis of soda�lime glass was
employed as the base material

Element wt % Compound wt %

Si 33.63 SiO2 71.93

Na 8.49 Na2O 11.44

Ca 7.3 CaO 10.21

Mg 2.25 MgO 3.74

Al 0.801 Al2O3 1.51

K 0.344 K2O 0.414

Fe 0.174 Fe2O3 0.248

Ti 0.0965 TiO2 0.161

S 0.0603 SO3 0.15

P 0.0305 P2O5 0.0699

Cl 0.0637 Cl 0.0637

Zr 0.0084 ZrO2 0.0084

Tabel 2. The chemical analysis of α�SiC was employed as
the base material

Element wt % Compound wt %

Si 71.733 SiC 99.733

Ca 0.01 CaO 0.014

Al 0.03 Al2O3 0.113

Fe 0.05 Fe2O3 0.14
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Fig. 1. X�ray diffraction pattern of SiC was employed as the
base material.


