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Abstract: Pozzolana is defined as a siliceous or siliceous and aluminous
materials which in itself possess little or no cementing properties, but will
in a finally divided form and in the presence of moisture react with
Ca(OH)2 at ordinary temperature to form compound possessing
cementious properties. Pozzolanic cement contains Portland cement as
one of their main components in addition to natural or industrial by
products. These include slag, fly ash, homra, silica fumes, rice husk ash,
etc. The aim of the present investigation is to study the effect of fresh
basalt on the properties of ordinary Portland cement pastes. The rate of
hydration was studied from the determination of free lime, combined
water and insoluble residue up to 90 days of hydration. The physicomechanical properties such as bulk density, apparent porosity and
compressive strength of the hardened cement pastes were determined.
The results revealed that the water of consistency increases with the
basalt content whereas the setting time was slightly elongated. On the
other side, the combined water increases with the basalt content and
curing time. This is mainly due to the effect of nucleating of basalt as
filler. The addition of 20 wt% basalt gives the higher compressive
strength of the cement pastes in comparison to OPC and cement pastes
containing 5, 10 and 15 wt% basalt at all curing times.
Keywords: Basalt, Pozzolana, Compressive Strength, DTA, XRD

Introduction
A pozzolana is a material, which is capable of
reacting with Ca(OH)2, in the presence of water at
ordinary temperatures to form compounds have
cementitious properties (as C-S-H gel) (Massazza,
2006). Nowadays, different types of mineral admixtures
are added to clinker during the milling process or
directly to the cement. The pozzolanic materials used in
the cement industry, including pozzolanic (natural
pozzolana, low calcium fly ash, silica fume),
autopozzolanic (high calcium fly ash and blast furnace
slag) and crystalline materials (as a filler) (Siddique and
Klaus, 2009; Martinez-Reyes et al., 2010), some of
which interact physically and/or chemically with
Portland cement or its hydration products (Rahhal et al.,
2012; Jain, 2012). The performance of mineral
admixtures in blended cements and concrete depends on
some factors such as particle size distribution, specific
surface area, chemical composition and crystallinity
(Massazza, 2006; Siddique and Klaus, 2009; MartinezReyes et al., 2010; Rahhal et al., 2012; Jain, 2012;

Uzal et al., 2010). Mineral admixtures are widely used in
concrete to improve the physical and chemical properties
or to reduce the costs and saving of energy. The using of
cement replacement materials may reduce the factors
related to declining concrete durability or to improve its
resistance against sulfate attack (Ghrici et al., 2007;
Yeau and Kim, 2005; Shui et al., 2010; Hossain and
Lachemi, 2006; 2007). Also, mineral additions have
improved the strength by filling of the pores and
change its diameter and distribution (De Weerdt et al.,
2011). One of the observed disadvantages of the used
natural pozzolana in cement is decreasing the early
strength. Natural pozzolana have been widely used in
blended cement for many applications (Binici et al.,
2007a; Habert et al., 2008), some of them are pyroclastic
rocks that are containing siliceous, or siliceous and
aluminous volcanic glass (Hossain, 2005; Binici et al.,
2007b; Uzal and Turanl, 2012).
Basalt is one of igneous rock, which was formed
during the cooling of magma in the old ages of the
earth. Most of igneous minerals are present in active
state and that are changed under environment
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conditions, physical or chemical weathering, into more
stable clay minerals (Constantiner and Diamond, 2003).
The effect of limestone powder, basalt powder and
marble powder as mineral admixtures on the fresh and
hardened properties of self compacting concrete was
investigated (Uysal and Yilmaz, 2011). The basalt as a
mineral admixture was investigated, where the physical
properties and chemical compositions were studied
(Laibao et al., 2013; Saraya, 2011). The effect of
basaltic pumice on the mechanical and physical
properties (Kelestemur and Demirel, 2010; Binic et al.,
2014) and the seawater resistance of the concrete was
studied (Binici et al., 2008). Also, the deterioration
effect of blended cement combinations with Red Brick
Dust (RBD) and Ground Basaltic Pumice (GBP) was
investigated (Binici et al., 2012).
This study is aimed to investigate the influence of
basalt up to 20% on the physicochemical properties of
cement pastes.

Results and Discussions
Effect of Basalt on the Physico-Mechanical and
Chemically Properties of Cement Pastes
The degree of hydration was measured by the
determination of chemically combined water, free lime
and insoluble matter contents. Other phsico-chemical
properties such as the water of consistency, initial and
final setting times, bulk density as well as total porosity
and compressive strength of cement pastes were
determined for the hardened cement pastes.

Water of Consistency and Setting Time
The water of consistency of initial and final setting
times of the basalt- filled cement pastes made from
OPC and basalt as a function of basalt content are
graphically plotted in Fig. 2. evidently the partial
substitution of ordinary Portland cement by basalt
decreases the amount of water of consistency of cement
pastes. Also, as the amount of basalt increases the
water of consistency decreases due to the unhydraulic
properties of basalt in comparison to Portland cement.
The basalt has no or very little pozzolanic activity,
therefore, it needs less water for gauging and then the
water of consistency decreases with the basalt content.
The initial and final setting time of basalt filled cement
pastes elongate linearly with the basalt content. This is
mainly also due to the low hydraulic properties of
basalt as compared with Portland cement. The basalt
does not take some extent in initial hydration as
Portland cement. As the cement content decreases the
setting times are elongated, i.e., the dilution of cement
with basalt leads to delaying the reaction.

Experimental
The starting materials used were Portland cement and
fresh basalt (A bou-Zaabal, Cairo, Egypt). Table 1 shows
the chemical analysis of these materials. The basalt was
ground to pass 90 µm sieve and the fineness of cement
was 3250±50 cm2/g.
The XRD pattern of basalt is shown in Fig. 1. the
pattern indicates that it is fresh basalt and composed
mainly of the calcia-soda plagioclase feldspar mineral
albite and the calcic pyroxene mineral augite. This is in
agreement with the XRF analysis of basalt which shows
that basalt contains 9.68% CaO and 3.06% Na2O.
The mix composition of the prepared basalt- filled
cement is shown in Table 2. Each dry mix was
homogenized in a porcelain ball mill for one hour using
a mechanical roller to obtain complete homogeneity. The
water of consistency, initial and final setting times of
each blend were determined according to ASTM
specification (ASTM, 2006). The pastes were moulded
in 2.54×2.54×2.54 cm cubic moulds, cured in humidity
chamber at 100% relative humidity at constant
temperature of 23±2°C for the first 24 h. The samples
were demoulded and then, cured under water until the
desired curing time up to 90 days. After any hydration
period, the dried samples were stored in air-tight bottles
to prevent carbonation.
The water of consistency and the initial as well as
final setting times were determined. The bulk density
and total porosity was carried out before the
specimens subjected to compressive strength. The
chemically combined water content was determined
by the ignition of the paste at 950°C for one hour, the
free lime and insoluble residue were determined. The
hydration kinetic was also followed by the aid of DTA
and IR techniques.

Chemically Combined Water
The degree of hydration of cement paste may be
estimated by the determination of the combined water of
the blended cement paste. The definite chemical
composition of different hydrates as well as the changes
caused by pozzolana in their chemical composition is not
accurately known. Accordingly the determination of
combined water is far useful in determining the degree of
hydration of pozzolanic cement.
The chemically combined water contents of OPC as
well as basalt filled cement pastes are graphically plotted
as a function of curing time up to 90 days in Fig. 3. It
can be observed that the combined water contents
increase gradually with curing time for all hardened
cement pastes due to the progress of hydration. Generally,
basalt-filled cement pastes give lower combined water
contents than those of ordinary Portland cement pastes at
all curing ages. Also, as the basalt content increases the
chemically combined water content decreases. This is
mainly due to the less pozzolanic activity, or nearly no
264
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pozzolanic activity of basalt. Therefore, the combined
water content decreases with the decrease of the amount

of Portland cement which is the main factor of the
hydration of pozzolanic cement pastes.

Table 1. Chemical analysis of the starting materials, mass%
Oxide Materials
SiO2
Al203
FeO2
Cao
Basalt
59.74
15.39
11.40
9.68
OPC
20.82
4.63
3.30
60.63

MgO
1.87
1.59

Table 2. Mix composition of the investigated mixes, (wt%)
Basalt
0
5
10
15
20

OPC
100
95
90
85
80

SO3
3.14

Na2O
0.06
0.24

K2O
6.24
0.18

LOI*
1.52
4.21

Total
99.93
99.99

Sample. No.
OPC
B1
B2
B3
B4

Fig. 1. XRD pattern of basalt

Fig. 2. Water of consistancy initaland final setting time of OPC and pozzolanic cement pastes with 5, 10, 15 and 20% basalt
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Fig. 3. Chemicall combined water content of OPC and pozzolanic cement as funcation of curring time

The decrease of the combined water content with the
amount of substituted basalt is also due to the
decrease of the water of consistency of the cement
paste. As the mixing water increases the rate of
hydration of cement paste increases.

Phase Composition
Differential Thermal Analysis
Figure 5 shows the DTA thermogrames of the
hydrated sample of OPC with 20wt% basalt as a function
of curing time (3, 7, 28 days). The thermogrames
illustrate endotherms at 150°C, 400-500°C and 800°C.
The first endothermic peak is due to the decomposition
of calcium silicate and calcium aluminate hydrates. The
second endothermic peak represents the decomposition
of Ca (OH)2. In addition, the third peak is due to the
decomposition
of
calcium
carbonate
CaCO3,
respectively. It can be seen that, the peak area of CSH as
well as CAH or CSAH increase with time due to the
progress of hydration of the four major phases of
Portland cement such as C3S,B-C2S, C3A and C4AF as
well as the pozzolanic reaction. The peak area of Ca
(OH)2 increases with time. This means that the basalt has
no pozzolanic activity but it behaves as filler which can
accelerate the rate of hydration.
Figure 6 shows the DTA thermograms of the
hydrated samples of OPC, 10, 20 wt% basalt at 28
days. The thermograms illustrate endotherms at
105°C, 400-500°C, 800°C. The first endothermic peak
is due to the decomposition of calcium silicate as well
as calcium sulphoaluminate hydrate. The second
endothermic peak represents the decomposition of Ca
(OH)2. In addition, the third peak is due to the
decomposition of calcium silicate CaCO3, respectively.
It can be seen that the peak area of CSH and
sulphoaluminate increases with the amount of

Free Lime Content
The free lime contents of OPC and basalt filled
cement pastes cured for 3, 7, 28 and 90 days are
graphically plotted as a function of curing time up to 90
days in Fig. 4. It is clear that the free lime content
increases with curing time for all cement pastes such as
OPC as well as basalt cement pastes. This means that the
basalt has no pozzolanic activity but it behaves as filler.
Therefore, this type of cement is called filled-cement.
The free lime increases for all basalt cement at three
days; this is mainly due to the nucleating effect of the
basalt which accelerates the rate of hydration of cement
pastes. Therefore and the cement pastes liberate more
hydrated lime than OPC paste. As the amount of basalt
increases on the expense of ordinary Portland cement up
to 15 wt%, the liberated lime increases for all curing
times up to 90 days. At 20 wt% basalt the free lime is
lower than that of 15 wt% basalt at all curing times. This
is mainly due to the decrease of the amount of Portland
cement which is the main source of liberated lime. There
is a decrease of free lime contents of the filled cement
pastes containing basalt up to 15 wt% after 90 days. This
may be due to some of pozzolanic activity of basalt at
latter ages of hydration, due to the increase OH- ions at
latter ages from the liberated Ca (OH)2.
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substitution basalt. As the mixing water of increases the
rate of hydration of cement paste increases. The peak
area of Ca(OH)2 increases with basalt content up to 10
wt%; this is due to that the basalt acts as a nucleating

agent. At 20 wt% basalt, the free lime is lower them
that of 10 wt% basalt at 28 days. This is mainly due to
the decrease of the amount of Portland cement which is
the main source of liberated lime.

Fig. 4. Free lime content of OPC and pozzolanic cement pastes as function of curing time up 90 days

Fig. 5. DTA thermograms of the hydrated samples of OP with 20 wt% basalt as a function of curing time (3, 7, 28, days)
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Fig. 6. DTA thermograms of the hydrated samples of OPC, 10, 20 wt% basalt as a function of curing time (28, days)

I.R. Spectroscopy

Insoluble Residue Contents

Figure 7 shows the infrared spectra of the hydrated
samples of (10, 15 and 20 wt%) as a function of
curing time 3 days. The bands in the region 900-1000
cm−1 are due to silicate group. The Figure shows that
absorption band at 1424 cm−1 is due to the presence of
carbonate (CaCO3) in the sample. The band at 876
cm−1 indicates the formation of Al-OH band. The
band at 3220 cm−1 decrease with amount of basalt due
to the less pozzolanic activity, or nearly no pozzolanic
activity of basalt. Therefore, the combined water
content decreases with the decrease of the amount of
Portland cement which is the main factor of the
hydration of pozzolanic cement pastes. This decrease
also due to the decrease of the water of consistency of
the cement paste. Whereas, the intensity of Ca(OH)2
band at 3644 cm−1 increases up to 15 wt% due to the
nucleating effect of the basalt which accelerates the
rate of hydration of cement pastes. At 20 wt% basalt
the Ca (OH)2 is lower than that 15 wt%. This is mainly
due to the decrease of the amount of Portland cement
which is the main source of liberated lime. I.R.Spectra
corresponding to the hydrated samples of Portland
cement with 10, 15, 20 wt% basalt as a function of
curing time 90 days are shown in Fig. 8 The IR-Spectra
are nearly the same as in the previous Fig. 7.

The results of insoluble residue of portland cement
and basalt filled-cement pastes as a function of basalt
content and curing time are graphically plotted in Figure
9. It is clear that the insoluble residue of all cement
pastes decreases with curing time due to the continuous
hydrations of Portland cement and may be due to
pozzolanic activity of basalt fraction. Ordinary Portland
cement pastes gives very low insoluble residue and
slightly decreases with curing time. This is mainly due to
the absence of any mineral admixtures which are
insoluble in acidic and alkaline media. The addition of
basalt increases the insoluble reside of cement pastes at
all curing times. The decrease of insoluble residue of the
basalt- filled cement pastes with time may be due to the
reaction of any oxides of basalt with lime, calcium
aluminates and/or calcium silicate hydrates forming
hydrogenet. This tends to the decrease of the insoluble
residue of basalt cement paste with curing time.

Bulk Density
The results of the bulk density of OPC and basalt
filled cement pastes containing 5, 10, 15 and 20 wt%
basalt cured for 3, 7, 28 and 90 days are graphically
plotted in Fig. 10. The bulk density for all hardened
cement pastes increases with curing time up to 90 days.
This is mainly due to the continuous hydration of cement
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pastes forming hydration products which are precipitated
in some of the open pores. This leads to the increase of
bulk density with curing time. On the other side, as the
basalt content increases up to 15 wt% the bulk density of
cement pastes increases. These values are higher than
those of ordinary Portland cement pastes due to that the
basalt acts as nucleating agent which accelerates the
hydration of the filled cement pastes. 20 wt% basalt as
replacement for Portland cement gives lower bulk
density than of 15 wt% cement pastes at all curing times
up to 90 days. This is mainly due to the decrease of the
amount of Portland cement which gives hydration
products in comparison to the basalt with has no or very
little pozzolanic reaction. Therefore, the bulk density of
cement paste which 20 wt% basalt gives lower bulk
density than of 15 wt% basalt.

decreases. This is also due to the effect of basalt as
nucleating agent which accelerates the hydration of filled
cement pastes. The filled cement containing 20 wt%
basalt gives higher porosity than that containing 15 wt%
basalt. This is also due to the decrease of the cement
content which affects the hydration and then the amount
of hydration products. This leads to decrease the
hydration products precipitated in some of the open
pores, therefore, the total porosity increases at 20 wt%
with respect to cement containing only 15% basalt. The
results of the total porosity are in good agreement with
those of the bulk density of the cement pastes. The
porosity depends on the type of cement.

Compressive Strength
The degree of hydration is an essential step towards
understanding the rate of strength development. The
compressive strength of Portland as well as basalt filled
cement pastes made from OPC and basalt as a function
of basalt content and curing time up to 90 days are
graphically plotted in Figure 12. The results show that
the compressive strength increases for all cement pastes
with curing time up to 90 days. As the hydration
proceeds more hydration products and cementing
materials are formed such as CSH which is the main
source of strength leading to increase the compressive
strength of hardened cement pastes. As the amount of
basalt increases up to 15 wt% the corresponding
compressive strength decreases.

Total Porosity
The total porosity of pozzolanic filled cement pastes
made from OPC and basalt as a function of curing tine
up to 90 days are graphically plotted in Fig. 11. It is clear
that the total porosity of all cement pastes decreases with
curing time up to 90 days. This is mainly due to the
continuous hydration of cement pastes forming hydration
products precipitated in the open pores of the cement
pastes. This leads to the decrease of total porosity of all
cement pastes. On the other side, ordinary Portland
cement pastes give the higher values of total porosity
and also the lower bulk density. As the amount of basalt
increases up to 15 wt% the corresponding total porosity

Fig. 7. XRD Pattern of the hydrated samples of OPC with 10, 15, 20 wt% basalt content as a function of curing time 3 days
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Fig. 8. XRD Pattern of the hydrated samples of OPC with 10, 15, 20 wt% basalt content as a function of curing time 90 days

Fig. 9. Insoluble residue content of OPC and Pozzolanic cement as a function of curing time
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Fig. 10. Bulk density of basalt cement pastes as a function of curing time

Fig. 11. Porosity of OPC and pozzolanic cement pastes as a function of curing time up to 90 days
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Fig. 12. Compressive strength of OPC and pozzolanic cement pastes as a function of curing time up to 90 days

This is mainly due to the liberation of free lime
without any pozzolainc reaction therefore the
compressive strength decreases. On the other side, the
cement pastes containing 20 wt% basalt give higher
values than those of ordinary as well as basalt filled
cement pastes containing up to 15 wt%. This may be
due to the decrease of the liberated lime as shown from
the results of free lime contents. The increase of free
lime decreases the compressive strength. The free lime
gives very low strength in comparison to that of CSH.
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Conclusion
The main conclusions derived from this study may be
summarized as follows:
•
•
•
•

Basalt pastes are need mixing water lower than OPC
pastes
Basalt has low pozzolanic activity at early ages and
increases with time
Basalt pastes have better physico-mechanical
properties than OPC cement paste
Basalt can be used as filled-pozzolanic material
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