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Chemical composition %
CaO 36.72
SiO; 35.5

AlLO3 9.17
Fe203 7.45
MgO 6.24
SOs 0.12
Na,O 1.21
K>,O 0.92
Tio, 2.49
MnO 0.18
L.O.I 0.02

Table. 1. Chemical characteristics of slag

o 6 lasita ¥ J g
Specific gravity(kg/m?®) 2400

Particle diameter(nm) 7to 14
Particle size(nm) 20 to 60

Purity of particles % 99.8
PH 3.7t04.7

color White

state Solid

Table. 2. properties of nanosilica

o Bolestl - b slasie ¥ d g

Mixture NO 1 2 3 4
Mixture Name NC GCNSO GCNS4 GCNS8
Type of concrete Portland  Geopolymer Geopolymer Geopolymer
Cement 450 0 0 0
slag 0 450 (%100) 432 (%96) 414 (%92)
Nanosilica 0 0 18(%4) 36(%8)
kg/m’ Water 202.5 0 0 0
Alkaline solution 0 202.5 202.5 202.5
Fine aggregate 761.13 816.1 767.42 718.75
Coarse aggregate 1000 1000 1000 1000
Superplasticizer 6/75 6/75 7/8 8/3
Curing Water Dry Dry Dry

Table. 3. Concrete mixing plan specifications
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Fig. 2. Diagram of the results of concrete tensile strength test
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Material quantities per design (%)

chemical Designl Design2 Design3 Design4
mixture NC GCNSO GCNS4  GCNS8
SiO; 27.122 19574  32.026  36.331
ALO; 5.6395 8.073 6.72 7.0131
CaO 37.169  26.815  23.609 15257
Na,O 1.1 15.1 9.016 12.872
Fe;05 7.2098 5.64 3.94 3.94
MgO 2.114 5.051 4.014 3.0133
KO 0.9144 1.013 1.015 1.0526
SOs 1.5913 1.164 1.875 2.822
TiO; 0.472 0.961 1.086 1.173
P>0s 0.163 0.174 0.144 0.131
MnO 0.091 0.395 0.655 0.684
LOI 16.414 16.04 15.9 15.711

Table. 4. Results of 7- day XRF test
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Fig. 6. XRD images of concrete samples after high heating
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Table. 5. Dispersion of elements from XRD experiments at
room temperature
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Table. 6. Dispersion of elements from XRD test after high
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Abstract

Today, in order to reduce the harmful effects of the environment and increase the mechanical properties and
durability of concrete, particles with high pozzolanic properties are used as a suitable alternative to ordinary
cement in concrete. And filler, as an alternative to cement, has attracted the attention of researchers. In this
laboratory study to investigate the effects of slag and nanosilica slag consumption on the microstructure of
geopolymer concrete and compare it with the characteristics of control concrete containing Portland cement,
1 mixing design of control concrete and 3 mixing designs of geopolymer concrete containing 92, 96 and 100%
composite kiln slag was fabricated with 0, 4 and 8% nanosilica, respectively. X-ray fluorescence (XRF) was
performed. In order to investigate the effect of microstructural changes on the macro structure of concrete,
compressive strength and tensile strength tests were performed on concrete samples at 90 days of age.
Examination of the images obtained from the SEM test shows the superiority of the microstructure of the
geopolymer cement matrix in all designs, compared to the microstructure of the control concrete containing
Portland cement. the effects of improvement and cohesion in the microstructure of geopolymer concrete are
evident due to the presence of silica nanoparticles, in this regard, the presence of 8% nanosilica in mixture 4
(geopolymer concrete), accelerates the reactivity process and increases the volume of hydrated gels
Geopolymerization was compared to other geopolymer concrete mixtures (containing 0 and 4% nanosilica).
Images of concrete samples heated to 500 °C show signs of weakening of the concrete microstructure
compared to images taken of concrete at room temperature. The results of XRF test indicate the presence of
the highest amount of oxidilica and aluminum oxide (the main factors in improving the density in the
microstructure of concrete), in the combination of designs 4 and 2 by 36 and 8%, respectively. The high peaks
created in the XRD spectrum diagram often occur in areas with angles (62) of 28 °, and their height varies
according to the presence of aluminosilicate particles in the concrete mix. The application of high heat to the
concrete specimens caused a decrease in the results of the XRD test. Evaluations performed on the results of
the test to determine the compressive strength and tensile strength in concrete, showed coordination and
overlap with the results of microstructural tests in this study.

Keywords: Geopolymer Concrete, Blast Furnace Slag, Nanosilica, Concrete Microstructure, Scanning
Electron Microscope.
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