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1-Introduction

With the increase in environmental pollution, it is
necessary to find suitable solutions to eliminate such risks.
Among the pollutants, the carbon dioxide produced by the
cement industry occupies a large part of air pollution. On
the other hand, cement is the main component in concrete
compositions. Therefore, researchers have investigated
replacing materials with cement properties, such as the
slag of the slag furnace, and pozzolans (e.g., fly ash,
metakaolin, and natural pozzolans). When these
compounds are used in the concrete structure, in addition
to the environmental benefits, they also improve the
mechanical properties and durability of concrete. When
blast furnace slag is used as a percentage replacement of
cement in the construction of concrete compounds, it is
mainly associated with lower compressive strength in the
early ages than normal concrete. To solve this problem,
one of the new solutions is the alkaline activation of slag.
Geopolymer concretes are concretes whose composition
consists of two parts of base (containing aluminosilicate
compounds) and activator materials. Therefore, natural
and synthetic pozzolans can be used as a base material
because they are rich sources of these compounds.
Solutions with alkaline properties that activate the basic
material are used as activators, which can be mentioned as
sodium hydroxide, potassium hydroxide, sodium silicate,
and sodium carbonate. In this research, geopolymeric
concretes containing the slag of the blast furnace and
kaolin powder were evaluated. According to the literature,
this category of geopolymeric concretes have shown good
performance. High compressive strength even at early
ages, lower permeability, lower heat of hydration, good
durability against chemical attacks and corrosive
environments, and resistance to high temperatures are the
advantages of this type of geopolymer concrete. However,
operational disadvantages, such as relatively low
efficiency, high shrinkage, formation of scale on the
surface, alkaline reaction of aggregate, and variability of
resistance have been mentioned for this type of concrete.

In geopolymer concretes, because the interaction of
several different parameters affects the resistance, it is not
as easy to predict the resistance as for ordinary concretes
with portland cement. The limited number of studies on the
mechanical  properties of geopolymeric  mortars
necessitates the current investigation. In the structure of
geopolymeric concrete, the adhesive paste is created from
the combination of a base material and an activator
solution, which can be considered an effective step to
achieve the goals of sustainable development. The use of
some minerals in concrete mixes will have an impact on
improving the durability and mechanical characteristics. In
the present research, the effect of three materials kaolin,
blast furnace slag (GGBFS), and polymer butadiene
styrene rubber (SBR) in molar 4 and 8 on the mechanical
properties of geopolymer mortar was investigated.

2- Materials

The materials used for the desired test are sodium
hydroxide (soda), sodium silicate (glass water), slag from
the furnace, kaolin, SBR, and sand.

3-Experimental Program

Considering that the laboratory samples in this research are
mortar type, a compressive strength test on cubic samples
with dimensions of 50x50x50 mm? was performed based
on the standard 109 ASTM C after 7, 28, and 90 days of
curing in a water tank of about 24°C. The three-point
bending strength test was performed according to the
standard 293 ASTM C using samples with dimensions of
40x40x160 mmd. Tensile testing of concrete was
completed by indirect or Brazilian method based on the
ASTM C standard 496. The penetration resistance method
(ASTM C 403) was used to determine the initial and final
setting times of concrete. A standard cylindrical sample
(300 mm in height and 150 mm in diameter) cured for up
to 28 days was used to calculate the modulus of concrete
elasticity. A scanning electron microscope (SEM)
microstructure test was performed on the 28-day fracture
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surface of the 4-50BSC sample containing 50% kaolin
powder and 50% slag and SBR polymer. In Figure 1, the
images of SEM for the 50-4BSC sample are presented.

Figure 1: Scanning electron microscope photo of 50-4BSC

sample

4- Conclusions

In the present research, by studying the effect of

geopolymeric mortars based on kaolin and slag,
individually and in combination, in different molar ratios,
the following results were obtained:

1-

The design sample of mixing 50% kaolin powder and
50% slag showed better compressive and bending
strength compared to the design sample of mixing
75% kaolin powder with 25% slag.

The bending strength of both SC50-4 and BSC50-8
design samples was 4.43 MPa due to the use of
polymer in the BSC50-8 sample. It indicates that the
polymer did not influence the bending strength.

In samples with a combination of 50% kaolin ceramic
powder and 50% slag, a higher tensile strength was
observed compared to the design samples containing
75% kaolin powder and 25% slag except for the
sample BSC50-4 in molar 4, which showed less
resistance. The noteworthy point about the BSC75
design sample in the 4th and 8th molars is that the
BSC75-8 design sample had a higher resistance than
the BSC75-4 design sample even though SBR was
used in both.

Increasing the replacement percentage of kaolin
powder caused a drop in the modulus of elasticity so
that by raising the replacement percentage of kaolin
powder from 50% to 75% showed the modulus of
elasticity (1.62 Gpa) in the sample BSC75-4.
Moreover, a specific relationship was observed
between the compressive strength and modulus of
geopolymer concrete elasticity.

A comparison of the control sample of the mixing
plan in the 8th molar revealed a better resistance than
the 4th molar because the combination of sodium
hydroxide with soluble sodium silicate provided a
better activator. Sodium hydroxide solutions with a

concentration of 8 M dissolve a larger amount of slag
and provide a favorable modulus of elasticity.
According to the obtained results, the combination
of kaolin and slag with an equal percentage is
recommended compared to the control designs
because 75% kaolin powder and 25% slag caused the
mechanical properties of geopolymer mortar to drop.
SEM studies showed that the strength of adhesion
between slag and kaolin powder played an important
role in improving the mechanical properties of this
concrete.

SEM evaluations indicated that samples containing
75% kaolin powder led to a more remarkable
decrease in the mechanical properties of
nanoparticles compared to the samples containing
50% kaolin powder due to the agglomeration of
nanoparticles, which results from the accumulation
of nanoparticles in this weight percentage.

The results of microstructural investigations obtained
from SEM imaging on concrete samples were in line
with the results of other tests in this research.




(Y0-04) NFF ¥ PV 33 5 Oyt powclio

7 i
W99 9 (i 308 (wikigo @

Oy 5| (I (poS H|

dé’:f/uz;: https://civil-ferdowsi.um.ac.ir/

ol olel sk,

"oy 9 (AP 5351 03w S (S ek 833 SN (S (ols> (AL ST Al
g;:..h}}_g Jlae

U5 aass ol V315 s gmgo o313 ools Lppim
DOI: 10.22067/jfcei.2024.79313.1185

S o3l ol ares G i S 4t Ol A 0 Q58] s Gl s Lea sl s 0 g o 5 Do (Vb e Ole 4 a7 L OIS
S ol S bl el Sl a5 (GGBFS) (USial 165 )b (WS Kol 3 ol s ils dd 2y ol b o o5
b plaws yshie 4 .Gl olis o3lésed SBR) jad 5 ilisio glocts s boyl 5 S5l o Sl al8iloj] i ol 3 liS s o (6 pock 5] o0
i 3 (A s ) o oS Ol tiomgian I o (2574 et o L5 oo glin o lid Cilisne (lo polojT Coomi Lt = b VY (sl 4] g Lol
Sladisai Canslis 3l Capl dant 5 (o)L Canslio (sla ilosT o )5 0y Sl eslin] iz ,S )5 (SEM) sy s STl s s Koo lisl s
Slap b dised le 4 S (17-AMPA) SA sl oA i 5 (TVAMPA) SCO—F LMot = b ) sad hdS s sl bl o bl s S

2 A Yse il i ¥ Yo 0 LI oy sl sl b LS ol s sl S Oles inly OLE 355 1 | (8 iy s plie LD

Sl ol (gl Caeslie (I SIS w0l Gerk 55 o0l (ST (S 0319

Experimental Study of Mechanical Properties of Geopolymeric Mortars Containing Slag, Kaolin
Powder and Polymer

S. H. Ghasemzadeh Mousavinejad A. Darvishalinezhad

Abstract Considering the high consumption of mortar and concrete, especially in structures, and the increasing demand
for cement production, it seems necessary to pay attention to the harmful environmental effects of this material. This
research aims to investigate the effect of kaolin ceramic powder, blast furnace slag (GGBFS) and styrene butadiene
rubber polymer on the mechanical properties of geopolymer concrete. In this laboratory research, kaolin powder and
slag with different percentages as well as polymer (SBR) have been used. In order to achieve the goals, samples of 12
mixing plans were subjected to various tests such as compressive strength, flexure, tensile strength, modulus of elasticity,
setting time of concrete (Vicot needle) and scanning electron microscope (SEM) microstructure examination. The use of
kaolin powder in the compressive and flexural strength tests caused a decrease in the strength of the composite samples;
However, in the tensile strength test, the SC50-4 mixing design sample (2.79 Mpa) and the S8 control design sample (3.08
Mpa) showed more resistance than other mixing design samples. The initial and final setting time of all designs containing
kaolin powder in molar 4 was higher than molar 8.

Keywords: Geopolymer Mortar, GGBFS, Kaolin, Compressive Strength, Mechanical Properties.
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