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In this study, production possibility of glass and glass-ceramic produced from granite was investigated. The
composition of granite based glass bath mixture was 50 wt% granite, 25 wt% dolomite and 25 wt% sodium
carbonate. Composition that was grounded and mixed in a ball mill for 2 h was melted at 1500 ◦C for 1 h. Glass
samples were heat treated for crystallization to produce glass-ceramic materials at 800 ◦C, 900 ◦C and 1000 ◦C for
2 h to promote internal crystallization. Phase identi�cations of glass and glass-ceramic materials were investigated
by X-ray di�raction analysis. Moreover, hardness and fracture toughness measurement of glass and glass-ceramic
materials were applied. Granite based materials after that melting and casting process was found amorphous state
by characterization with X-ray di�raction analysis. After the heat treatment processes, crystal phases settled out in
glass matrix were also determined in granite based materials. Moreover, values of hardness and fracture toughness
increasing were detected by heat treatment schedule.
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1. Introduction

Granite is an intrusive igneous rock which includes
high amount of SiO2 (approximately 70 wt%). This vol-
canic rock is the most common plutonic rock of the Earth
crust, forming by the slowly cooling of magma (silicate
melt) at depth [1, 2]. The composition of granite is a
suitable for production of glass and glass-ceramics. As
known, glass-ceramics are polycrystalline solids prepared
from glasses with controlled crystallization heat treat-
ment process. This process is realized by subjecting suit-
able glasses to a carefully regulated heat treatment sched-
ule which results in the nucleation and growth of crystal
phases within the glass [3]. Glass-ceramics �nd many
applications in industry due to their superior properties,
namely corrosion and wear resistance [4]. There are a
lot of materials including high content SiO2, Al2O3 and
CaO etc. like basalt, gabbro, some slags (blast furnace,
arc furnace, cupola furnace etc.). In addition, some in-
dustrial wastes like ashes can be used for glass-ceramic
production successfully [5, 6].

The aims of the study were to investigate of produc-
tion possibility of glass and glass-ceramic produced from
granite and to determine of structural and mechanical
properties of produced granite based glass-ceramics.

2. Experimental procedure

Granite rocks were obtained as chunks and crashing
was carried out in a jaw and conic crushers. Then, it
was milled using ring miller and sieved to the grids of
100 µm. 25 wt% sodium carbonate and 25 wt% dolomite
were added to granite for glass bath composition.
The chemical analysis of the used raw materials in the

study and the calculated chemical composition of the
glass melt are given in Table. The prepared glass bath
were mixed by using the alumina ball mill for 1 h and
then were melted in Al2O3 crucible at 1500 ◦C for 1 h
in an electrical furnace. The glass melt were casted to
the graphite mold in bulk form and annealed at 600 ◦C
for stress relief. The glasses were cooled down to room
temperature at a rate of 3 ◦C/min.

TABLE

Chemical analysis of the used raw materials and calculated chemical composition of the glass (wt%).

Constituent oxides SiO2 Al2O3 MgO CaO Na2O K2O FeO Fe2O3 TiO2 P2O5 MnO

granite 72.04 14.42 0.71 1.82 3.69 3.97 1.22 1.68 0.30 0.12 0.05

sodium carbonate 0.22 0.13 � � 43.63 � � � � � �

dolomite 0.30 0.24 36.97 62.39 � � � 0.02 � � �

glass 42.40 8.49 11.60 19.20 14.83 2.40 0.98 0.72 0.17 0.07 0.33

After casting process, it was seen that granite based
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samples were determined as amorphous state con�rmed
by X-ray di�raction (XRD) analysis. Granite based
glasses were subjected to crystallization heat treatment
at 800, 900, and 1000 ◦C for 2 h for glass-ceramic trans-
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formation from glassy amorphous state. The single-stage
method for heat treatment was preferred to promote in-
ternal crystallization. Both heating and cooling processes
of the samples were performed at a rate of 5 ◦C/min for
heat treatment process. The crystalline phases in glass-
-ceramics were characterized by XRD analysis (Rigaku
D/Max which has a wavelength of 1.54056 Å with a
Cu Kα radiation. Scanning electron microscopy (SEM,
JEOL 6060) was employed for microstructure observa-
tions. The mechanical properties were evaluated by Vick-
ers microhardness indenter (Leitz), load of 15 gf; each
value is the mean value of measurements made with �ve
samples, with 10 indentations for each sample. The frac-
ture toughness of the glass and glass-ceramics were de-
termined by the indentation technique. Polished speci-
mens were indented at 5 separated locations. The test
conditions are determined as 0.5 N test load for 20 s.
The calculations formula used in the study was given in
Eq. (1) [7, 8]:

KIC = 0.0824
P

c3/2
. (1)

3. Results and discussion

XRD analysis was performed to determine the crys-
talline phases. The XRD analyses of granite based glass
and glass-ceramics were given in Figs. 1 and 2. It is clear
from Fig. 1 that granite based glass sample was glassy
amorphous state.

Fig. 1. XRD pattern of the granite based glass.

In order to determine the crystalline phases, XRD
analysis were also carried out on glass-ceramic sam-
ples. The phases identi�ed in the glass-ceramic samples
are akermanite [Ca2MgSiO7], sodium aluminum silicate
[NaAlSiO4], combeite [Na4Ca4Si6O18], and nepheline
[Na3K(Si0.56Al0.44)8O16] at 800 ◦C heat treatment pro-
cess seen in Fig. 2. When melilite [Ca8Al2Mg3Si7O28],
akermanite, and nepheline phases were detected in gran-
ite based glass-ceramic at 900 ◦C heat treatment, aker-
manite, andalusite [Al2(SiO4)O], sodium aluminum sili-
cate and nepheline phases were determined glass-ceramic
heat treated at 1000 ◦C. These phases are common crys-
talline phases in glass-ceramics [3, 9]. Presence of these
phases showed that glass-ceramic transformation realized
from amorphous glass structure. The increase in heat

treatment temperature a�ects the crystalline phases in
glass-ceramics due to the more e�cient di�usion mecha-
nism in high temperatures (see Fig. 2, next page).
Figure 3 shows the values of microhardness and frac-

ture toughness of granite based glass and glass-ceramics.
The results indicated that the hardness and fracture
toughness of the glass-ceramic materials are higher than
the glass materials. They increase depending on heat
treatment temperature and glass-ceramic transformation
(Fig. 3).

Fig. 3. Hardness and fracture toughness graphics of
glass and glass-ceramics: (a) hardness, (b) fracture
toughness.

Fig. 4. SEM microstructures of the granite based
glass-ceramics.

Figure 4 shows SEM microstructures of the granite
based glass-ceramics. As seen in the microstructure,
there are crystalline phases in the glass matrix. Increase
in heat treatment temperature caused forming a more
dense and crystalline structure.

4. Summary

In this study, the natural magmatic granite rock mate-
rial was employed to produce glass and glass-ceramic ma-
terials. The composition of granite based glass bath mix-
ture was 50 wt% granite, 25 wt% dolomite and 25 wt%
sodium carbonate. The structure was detected by XRD
as amorphous before the heat treatment process. Gran-
ite based glasses were subjected to controlled crystal-
lization heat treatment at 800, 900, and 1000 ◦C and
2 h for glass-ceramic transformation from glassy amor-
phous state. Akermanite, sodium aluminum silicate,
andalusite, nepheline, combeite, melilite, and forsterite
phases were determined after the heat treatment pro-
cess. Providing better crystallization conditions via
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higher heat treatment temperatures has a positive ef-
fect on hardness. As an expected result of this situa-
tion, fracture toughness results decreased. In the SEM

microstructure, crystalline phases dispersed in the glass
matrix. Increase in heat treatment temperature caused
more crystalline structure.

Fig. 2. XRD patterns of the granite based glass-ceramics.
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