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Ceramic material from
basaltic tuffs
The possibility to obtain a cheap ceramic material based on 50 wt % basaltic
tuffs and 50 wt % industrial clays was studied. The tuffs were characterized by
optical microscopy, X-ray diffraction and differential thermal analysis. It was
shown that this material is appropriate for the ceramic industry: it is easy for
milling and is characterized by low liquidus temperature. The sintering behaviour
of the ceramic was evaluated by hot-stage microscopy and dilatometry. The
structure of samples, heat-treated at different temperatures, were observed by
scanning electron microscopy while the densification degree was evaluated by
dry flow and gas pycnometery. Samples with 13% total porosity and 4% water
absorption  were obtained at 1150 °C for 30 min soaking.

1. Introduction

eldspars, quartz and clays are the base of the ceramic industry1-5. The
clays give plasticity on the body for shaping, the feldspars favour liquid
phase formation and densification at low temperature while the sands
reduce distortion and shrinkage.
Last decades, however, several new raw materials or different industrial
wastes have been introduced in the batch compositions6-14. These
materials are mainly used  instead of the feldspars, which are the most
expensive part of the common ceramic batch.
Also, some ancient ceramics may be considered as alternative
compositions. An interesting example could be the pottery samples
from the Byzantium period, found in Southern Anatolia15-17. The
mineralogical analysis of these terra-cotta sculptures highlights the use
of local basaltic tuffs.
In this region of Turkey the volcanism is well studied18-19. It was
demonstrated that these igneous rocks come from the Plio-Quaternary
age and are characterized by OIB (ocean island basalts) compositions.
The total reserve of the tuff deposits is estimated as about 1000 Mt. It
was also found that the chemical and mineralogical compositions show
negligible variations.
The basaltic rocks belong to several groups according to the (SiO2+Al2O3)/
(Na2O+K2O) ratio. The most common are the tholeiite and the alkali
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• basalts, the first group being silica over-saturated and
the second - silica undersaturated20.
The first group is typical for the re-fused rock industry21.
Somewhat similar glass composition was also synthesised
for nuclear waste immobilization22 and for vitrification
of hazardous industrial wastes23-25.
The second group is characterized by a lower melting
temperature and lower viscosity; for this reason it can
be considered as more suitable for the ceramic industry.
In the present work a batch composition of 50 wt %
basaltic tuffs and 50 wt % local industrial clays was
investigated. The sintering behaviour was studied by
hot-stage microscopy and dilatometry. The textures of
the samples obtained at different temperatures were
characterized by different picnometric techniques and
observed by SEM.

2. Experimental

The tuffs were crushed and milled for 30 min in agathe
mill and then sieved under 75 µm. The particles shape
was observed by optical microscopy. The chemical
analyses of the basaltic
tuffs, parent clays and
final ceramic were made
by XRF analysis (Spectro
XEPOS). The phase
analyses of the tuffs were
carried out by XRD
(Philips PW1830
apparatus and CuKα
radiation) and by optical
microscopy. The amount
of amorphous  fraction
was estimated by
comparing total areas of
the crystalline phases
with one of the
amorphous phase in the
XRD spectrum26. DTA
analysis (Netzch STA
409) was performed on
100 mg powder sample
by at 10 °C/min heating rate.
The batch was obtained by mixing
50 wt % tuffs, 30  wt % kaolinitic
clays (labelled KC) and 20% illitic
clays (labelled IC) with 8% water.
Green samples were uniaxially
pressed at 30 MPa .
The sintering behaviour was studied
by hot-stage microscopy and by
differential dilatometry (Netzch 402
ED) at 10 °C/min heating rate.
50 mm diameter and about 10 mm
width green samples were fired at
900 °C, 1000 °C, 1100 °C and
1150 °C for 2h at heating and
cooling rates of 10 °C /min. Water
absorption, W, was evaluated after

2 h boiling at 100 °C. The bulk (apparent) density, ρb,
was measured by a dry flow pycnometer (GeoPyc
1360)14, 27. The skeleton (relative), ρs , and real (absolute),
ρr , densities were measured by He displacement
Pycnometer (AccuPyc 1330)14, 27 before and after milling
the samples below 53 µm, respectively.
AccuPyc 1330 is a gas displacement Pycnometer, which
determines the density by the change of He pressure
in a calibrated volume.
For bulk samples the measured density corresponds to
the sum of mass volume and closed for He pores; for
powdered samples corresponds to the absolute density.
GeoPyc 1360 measures the “enveloped” (bulk) volu-
me of samples, placed in compressed free-flowing dry
medium (named Dry Flow and made of tiny, rigid
spheres).
The density results were used to determine total
porosity, PT=100*[ (ρ r - ρb)/ρ r ],  closed porosity,
PC=100*[ (ρr - ρs)/ρr ], open porosity to He, PHe = PT-PC

and open porosity to water, PH20 = W*PA.
The fractured surfaces of the samples, sintered at
different temperatures, were studied by SEM (LEO 440
Scanning Electron Microscope).

Table 1. Chemical compositions of the raw materials and of the batch

Wt % Basaltic tuffs Illitic clay Kaolinitic clay Batch

SiO2 44.07±0.07 52.50±0.09 55.0±0.08 51.0±0.08

Al2O3 14.51±0.04 25.12±0.06 30.21±0.06 18.5±0.07

TiO2 3.06±0.01 0.72±0.02 1.52±0.03 2.00±0.04

Fe2O3 14.04±0.04 7.91±0.03 0.55±0.001 9.34±0.03

CaO 9.92±0.05 tr. 0.29±0.01 5.51±0.02

MgO 7.87±0.07 2.5±0.05 0.73±0.02 4.56±0.08

Na2O 4.12± 0.17 0.40±0.02 3.26±0.13 3.52±0.04

K2O 1.73±0.01 4.3±0.02 0.57±0.01 2.19±0.02

Figure 1. XRD spectra of the tuffs



• 
In

du
st

ria
l C

er
am

ic
s 

•
In

du
str

ia
l C

er
am

ic
s •

 V
ol

. 2
7 

• 
2/

20
07

 •

3

3. Results and discussion

3.1. Raw materials characteristics

The used basaltic tuffs are widespread in the Southern
part of Turkey,  while the clays are typical for the local
ceramic industry. The chemical analyses are shown in
Table 1. The tuff composition is typical for the alkaline
basaltic rocks, kaolinitic clays contains higher Al2O3,
while illitic clays contains higher iron oxides content.
Figure 1 shows the XRD spectra of the tuffs. It highlights
a high amount of 50-60% amorphous phase, clino-
pyroxene as main crystal phase and plagioclases
(anorthite solid solution), olivine (forsterite solid solution)
and ilmenite spinels as secondary phases. The elevate
amount of glassy phase may be explained by the tuffs
forming conditions (i.e. intensive eruption, followed
by fast water or air cooling). On the contrary, the
massive basaltic rocks, formed by lava flow and slow
cooling, are characterized by higher crystallinity.
The XRD results were confirmed by optical microscopy.
Figure 2 shows the prismatic pyroxene minerals with
bluish-green colours, high relief olivines with active
yellow colours, and felsic plagioclase microlites,
embedded in the amorphous phase.
The used basaltic tuffs are characterized by 40-60%
open porosity; as a result, the material  is easily crushed
and grinded. Figure 3 shows a thin section of the tuffs.
Figure 4 shows the particles, obtained after crushing:
the shapes (mostly subangular, semi-rounded and semi-
spherical) are appropriate for the ceramic industry.
The DTA (Figure 5) highlights a low intensity exothermic
effect at 885 °C due to secondary crystallization of the
glassy phase, followed by endothermic effects in the
range 1100-1250 °C due to intensive melting of the
crystal phases. The peak at 1160 °C can be related to
the melting of pyroxene while that at 1215 °C to the
melting of the secondary phases20, 21.

3.2. Sintering behaviour

Hot-stage microscopy (Figure 6) shows
the beginning of sintering at about
1100 °C and of deformation after
~1200 °C.  Due to the reduction of  Fe+3

to Fe+2 and gas release, the deformation
is accompanied with a volume increase.
This phenomenon is common for
ceramics with a high percentage of  iron
oxides1, 3.
The densification behaviour was
confirmed by the dilatometric results,
shown in Figure 7. The traces highlight
~0.5% linear shrinkage in the range 985-
1020 °C, due to the phase transformation
of metakaolinite14, 28 and beginning of
sintering at 1105 °C. The deformation
starts after 8% shrinkage at 1185 °C.
Table 2 reports the values of water
absorption, apparent density, relative
density and absolute density, obtained

Figure 2. Optical microscopy of the tuffs

Figure 3. Thin section microscopy of the tuffs

Figure 4. Microscopy of particles obtained  after milling

Figure 5. DTA of  the tuffs
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at different temperatures. Figure 8 shows the
corresponding total porosity (PΤ ), close porosity (PC),
and open porosities for He (PHe) and water (PH2O),
respectively.

Figure 6. Hot-stage microscopy analysis of the
ceramic sample

Figure 7. Dilatometry of the ceramic sample

Figure 8. Total porosity (PT ), closed porosity (PC ) and open porosities for He (PHe )
and water (PH2O ) after 2 h holding at different sintering temperatures

Table 2. Water absorption, apparent density, skeleton density and absolute density at different
temperatures

W % (%) ρρρρρa  (g/cm3) ρρρρρs (g/cm3) ρρρρρr (g/cm3)

  900 (2h) 13.61±0.06 1.95±0.016 2.73±0.004 2.74±0.003

1000 (2h) 11.19±0.05 2.11±0.014 2.72±0.003 2.77±0.002

1100 (2h) 6.96±0.04 2.24±0.013 2.71±0.004 2.75±0.003

1150 (2h) 0.32±0.05 2.03±0.015 2.14±0.005 2.66±0.002

1150 (0.5h) 3.86±0.04 2.32±0.014 2.61±0.003 2.72±0.003

At 900 °C no significant densification
occurs. At 1000 °C and 1100 °C PΤ
decreases but the porosity remains
open with similar PHe and PH2O values.
An intensive sintering , leading to
sample without open porosity, occurs
at 1150 °C. The closed porosity of this
sample, however, is too high which
indicates an overfiring process.
The fractured surfaces of the sintered
samples were studied by SEM. Figure
9-a confirms the scarce sintering at
900 °C. Figure 9-b highlights the
beginning of the amorphous phase
formation and densification at 1100 °C.
Figure 9-c shows the structure at
1150 °C with typical amorphous
fracture and new kind of cubic and fi-
bre like crystals.

In order to reduce the
overfiring effect, the
sintering time at 1150 °C
was shortened to 30 min;
the obtained W, ρa, ρs

and ρr are given in Table
2. The corresponding
values of 13% total
porosity and 4% water
absorption are typical for
the earthenware tiles,
manufactured by similar
production cycle3.
The XRD analysis of the
sample fired for 30 min
is presented in Figure
10. 30-40% amorphous

phase, quartz and anorthite plagioclases are the main
phases, whereas orto-pyroxene, olivine, hematite and
spinels are the secondary ones. The quartz comes from
the clays while the olivine and spinels from the basaltic
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tuff; the other phases form during sintering and cooling.
Clino-pyroxene from the basaltic tuffs and metakaolinite
(or mullite) from the clays are absent, which indicates
that these phases melt and then participate in the
formation of new plagioclase and orto-pyroxene phases.
Similar re-crystallization processes are unusual for a
quartz-feldspars-clays ceramic. In the common compo-

Figure 9. Fracture images of samples, fired at 900 °C (a),
1100 °C (b) and 1150 °C (c)

a)

c)

b)

Figure 10. XRD analysis of the ceramic  fired for 30 min at 1150 °C

sitions the melt formed at sintering temperature solidifies
in a glassy phase during cooling. As a result, the well
sintered porcelain stoneware and tableware products
contain high amount of amorphous phase1, 3, 5, 14.

4. Conclusion

The used tuffs are characterised by a high amount of
amorphous phase and high initial porosity; as a result
they may be crushed and milled easily. The batch
obtained by 50 wt % basaltic tuffs and 50 wt % industrial
clays is characterized by a relatively short sintering range,

corresponding to the melting range of
the clino-pyroxene phase in the tuffs.
Samples with 13% total porosity and
4% water absorption were obtained at
1150 °C for 30 min holding time. Due
to an intensive re-crystallization of
plagioclases and orto-pyroxene the
ceramic is also characterized by high
crystallinity.
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