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Properties of Silicon Slag in Cement Mortar
Aline Heloá de Souza, Regina P. da Silva, and Gladis Camarini
physical and mechanical properties.
It was developed a survey incorporating granulated blast
furnace slag on mortar used for restoration of old buildings
[7]. This type of mortar is usually composed of brick or
ceramic waste powder and lime. However, these researchers
replaced milled powder ceramic residue by blast furnace slag
at 0%, 10%, 20%, 30% and 40%, in mass. They added 15%
of lime as binder and used a lime/water ratio of 1/2. The best
results were obtained with increasing slag content, and the
mixture of ceramic powder residue and slag. This indicates
that the smaller voids improve the resistance.
Another study evaluated the replacement of natural sand
by copper slag in high performance concrete [2]. They
studied eight different mixtures with 0%, 10%, 20%, 40%,
50%, 60%, 80% and 100% of copper slag replacement. The
best workability results were obtained with the increasing
percentage of slag. The compressive strength results
increased with 50% slag incorporation. This same
performance was observed to the water absorption by the
replacement of 40% of the sand [2].
A study was developed to replace the sand by blast furnace
slag in mortar [8]. The authors evaluated the incorporation of
0%, 25%, 50%, 75% and 100% of this waste replacing the
sand with a 1:3 ratio and water cement ratio of 0.5. They
obtained results which enable the incorporation of slag
mortar up to 75%, while the best results were achieved with
25% substitution.
From these examples it can be noted that the behavior of
different types of slag in mortars and concretes is different.
Therefore, it is necessary to increase the studies in this theme
This study aims to evaluate the mortar performance when
sand is replaced by silicon slag in different contents.

Abstract—The building construction is considered one of the
largest consumers of natural raw materials and the production
of iron generates about 0.75 t of slag per ton of pig iron
produced. It is known that the natural resources are finite and
the Brazilian National Policy on Solid Waste, becomes
mandatory to give a destination for solid waste than to dispose
them in landfill sites. This research was proposed to study the
use of silicon slag to replace natural sand in mortars. The
mortars were produced with 0%, 25%, 50%, 75% and 100% of
replacement of the natural sand to silicon slag, by mass. The
tests were consistency, compressive and flexural strength,
capillary water absorption, and air permeability. The mortars
with silicon slag had good results and showed that it can replace
natural sand in mortars.
Index Terms —Mortar, recycling, silicon slag, waste.

I. INTRODUCTION
About 40% of natural resources are consumed by
construction industry [1]. Thus, alternatives that reduce
extraction of these resources are paramount, like the use of
industrial waste as artificial aggregates instead of using
natural aggregates [2], [3].
In Brazil the National Policy on Solid Waste establishes an
order of priority for allocation of waste generated from any
nature, aimed at reducing the environmental impact caused
by the waste. This order of priority would be no generation,
waste reduction, reuse, recycling, treatment and
environmentally sound disposal of waste [4].
Silicon is used in various industries as raw material, like:
information technology in the production of optical fibers
and semiconductor industry, the steel industry for production
of steel and aluminum alloy; solar energy in photovoltaic
cells and fine chemicals in the production of silicones [5]. In
the fabrication of those products silicon slag is generated.
The slag is composed basically by mixing the oxides CaO,
Al2O3 and SiO2 [5]. In Brazil, for each ton of pig iron there is
the production of 0.75 tonnes of slag [6]. The production of
slag exceeds 3 million tonnes, without considering the slag
that has been stored over the years [6].
Due to the large amounts of generated silicon slag and the
need for the right disposal of this waste, many studies have
been developed by incorporating various types of slag in
mortar and concrete in order to achieve improvements in the

II. MATERIALS AND METHODS
In this research were used the cement CPV ARI, natural
river sand and silicon slag. These materials were tested
following the Brazilian Standards and the results are shown
in Table I.
TABLE I: MATERIALS CHARACTERIZATION
Materials
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Natural river
sand
Silicon slag

Specific
Gravity
(kg/m³)

Bulk Unit
weight
(Kg/m³)

Maximum
diameter
(mm)

Fineness
modulus

2.60

1.60

2.40

1.82

2.57

1.57

4.75

3.24

A. Mixture Preparation and Proportions
The mortar cement: sand proportion was 1:3 and
water/cement ratio 0.5. The sand replacement was 0, 25, 50,
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of water to penetrate into the mortar. For this test, cylindrical
specimens with dimensions 50mm diameter x 100mmm
height were used. The specimens stayed in a kiln for 24 hours
at a temperature of 35 ºC. After this step, they were cooled
and a layer of waterproofing was applied in the lateral surface
area. After the waterproofing resin has dried, the specimens
were placed in a container with metal bracket in the bottom,
which purpose is to prevent contact between the specimens
and the bottom of the container. Finally, they were immersed
in a constant water level about 5mm above the bottom face in
contact with water (Fig. 4). The specimens were weighted
after 5, 10, 15, 30, 60, 120, 240, 360, 480 and 1440 minutes.
The capillary water absorption was calculated by the mass of
water absorbed divided by the cross sectional area in contact
with water (Fig. 5).

75, and 100% of silicon slag, by mass, and named T0, T25,
T50, T75 and T100, respectively.
The specimens were cylindrical, with 50 mm diameter and
100 mm height. The specimens were molded using a
vibrating table. After molding the specimens remained in
molds for 24 hours. They were demolded and immersed in
water for curing until the age of the tests (7, 28 and 90 days).
B. Consistency of Mortar
Workability of fresh cement mortar was measured by
using the flow table (Fig. 1) on the report by NBR 13279
(Brazilian Norm). The flowability results are shown in Table
II.

Fig. 1. Flow table test.

C. Compressive and Tensile Strength
The compressive strength (Fig. 2) and Brazilian Test (Fig.
3) at 7, 28, and 90 days.

Fig. 4. Capillary water absorption test.

Fig. 5. Water rise of specimens.
Fig. 2. Compressive strength test.

Fig. 3. Brazilian Test

D. Total Absorption Test
The total absorption test, the specimens were placed in an
oven at a temperature of 100°C for 24 hours. Afterwards,
they were removed from the oven, cooled, and were weighted
(dry weight). The specimens were immersed in water for 24
hours and weighted (saturated weight).
The total water absorption was the difference of mass
Saturated and dry. (Eq. (1)).
( Msat − Md ) × 100
Md

(1)

where:
Msat – Saturated Mass
Md – Dry Mass
E. Capillary Water Absorption Test
The Capillary water absorption test measured the capacity

Fig. 6. Air permeability test apparatus.
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F. Air permeability Test
The air permeability test was performed according to the
method of Thenoz. This consists in measuring the specimen’s
air permeability as a function of the time. The air flows
through the specimens, creating a pressure in a tube, that
promotes the vertical movement of the liquid located on the
height h0 to h1 (Fig. 6).

C. Capillary and Total Water Absorption Tests
Fig. 9 shows the total water absorption results, and the Fig.
10-11 show the capillary water absorption results. The age
influence this property of the mortar and when the silicon
slag content was increased, the mortar absorbed less quantity
of water.
T100 with greater silicon slag content decreased 15% of
water absorption compared to T0. The T100 had good
durability performance.

III. RESULTS AND DISCUSSION
A. Consistency
The Table II shows the workability of fresh mortars. The
mortars T0 and T25 did not workability results because they
were very dry. The best result was to T100 mortar. These
results were expected, according to [9].
B. Compressive and Tensile Strength
Fig. 7 and Fig. 8 present the compressive strength and
tensile strength results. The mixture with 100% of silicon
slag had the highest results, and all mortars had increased the
resistance with time.
Nataraja et al [8] obtained the best performance of mortars
with 25% of slag replacement. In this research the mortar T25
obtained the worst result. This indicates that it is important to
continue the researches using silicon slags as aggregate in
mortars.

Fig. 9. Total water absorption results.

TABLE II: CONSISTENCY RESULTS
Workability of fresh cement mortar
Mortar
Average results (mm)
T0
T25

-

T50

165.50

T75

172.50

T100

205.50

Fig. 10. Capillary water absorption results at 28 days.

Fig. 7. Compressive strength results.
Fig. 11. Capillary water absorption results at 90 days.

D. Air permeability
Fig. 12 shows the air permeability test results. This test
provides the durability of cement-based materials [10]. The
lower the permeability the greater is the durability of mortar
[11].
The T25 had higher air permeability and T0 had lower air
permeability. According to the literature, the air permeability
decreases with increasing compressive strength, but the
obtained results in this research they are not consistent with
the literature [12]. This parameter must be better

Fig. 8. Tensile strength results.
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investigated.

[8]
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Furnace Slag as Fine Aggregate in Cement Mortar,” International
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[9] A. E. B. Cabral, V. Schalch, D. C. C. D. Molin, and J. L. D. Ribeiro,
“Performance estimation for concretes made with recycled aggregates
of construction and demolition waste of some Brazilian cities,”
Materials Research, vol. 15, no. 6, pp. 1037-1044, September 2012.
[10] V. M. Pereira and G. Camarini. “Air permeability of concrete by
Thenoz method,” Advanced Materials Research, vol. 224, pp. 132-136,
2011.
[11] G. Camarini et al., “Methods to measure the transfer properties of
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[12] M. V. Pereira, “Air permeability of concrete,” PhD. dissertation,
University of Campinas. Campinas, SP, 2011.

Fig. 12. Air permeability results.
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IV. CONCLUSION
The aim of this work was the use of silicon slag to replace
natural sand and evaluate the performance of mortars.
The obtained results showed that it is possible to use
silicon slag as aggregate in mortars, because the mechanical
and durability results are satisfactory.
The replacement of 100% of natural sand by silicon slag
had the best results
As this kind of waste does not have an appropriate
destination, its using in mortars is an alternative to have an
environmental sound disposal, and to reduce the need for
extraction of sand for the production of mortars.
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