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Abstract—In the present work, metakaolin-based geopolymer 

including different polymer admixtures was studied. Different types 
of commercial polymer admixtures VINNAPAS® and polyethylene 
glycol of different relative molecular weight were used as polymer 
admixtures. The main objective of this work is to investigate the 
influence of different types of admixtures on the properties of 
metakaolin-based geopolymer mortars considering their different 
dosage. Mechanical properties, such as flexural and compressive 
strength were experimentally determined. Also, study of the 
microstructure of selected specimens by using a scanning electron 
microscope was performed. The results showed that the specimen 
with addition of 1.5% of VINNAPAS® 7016 F and 10% of 
polyethylene glycol 400 achieved maximum mechanical properties. 
 

Keywords—Metakaolin, geopolymer, polymer admixtures, 
mechanical properties, microstructure. 

I. INTRODUCTION 

OWADAYS, the alkali-activation is a globally growing 
technology that involves the chemical reaction between a 

solid aluminosilicate precursor and an alkaline activator, at 
room temperature, giving a hardened product. Investigation in 
the field of alkali-activation had an exponential increase 
according to the research results by the French author 
Davidovits [1] who developed and patented binders obtained 
from the alkali-activation of metakaolin, having named it 
using the term ‘‘geopolymer’’ in 1978.  

Geopolymers referred to as alkali-activated aluminosilicate 
binders and comprise three classes of inorganic polymers that, 
depending on the ratio of silica to alumina (silica/alumina), are 
based on the following three different monomeric units: (–Si–
O–Al–O–), polysialate, SiO2/Al2O3=2; (–Si–O–Al–O–Si–O–), 
polysialatesiloxo; SiO2/Al2O3=4;(–Si–O–Al–O–Si–O–Si–O–), 
polysialatedisiloxo, SiO2/Al2O3=6 [2]. Moreover, there are 
numerous advantages of these alkali activated aluminosilicates 
system as lower heat of hydration [3], the development of 
earlier and higher mechanical properties [4], [5], low heat 
release [6], better resistance against chemical attack [7], [8], 
freeze-thaw resistance [9], fire resistance [10], [11], higher 
reduction in chloride diffusion [12] and stronger aggregate-
matrix interface formation [13], [14]. However, the alkali-
activated aluminosilicate system presents some problems such 
as rapid setting periods [15], higher shrinkage values [16], and 

 
O. Mikhailova is with the Brno University of Technology, Faculty of Civil 

Engineering, Veveří 331/95, 602 00 Brno, Czech Republic (phone: +420 541 
147 643; e-mail: mikhailova.o@fce.vutbr.cz).  

P. Rovnaník is with the Brno University of Technology, Faculty of Civil 
Engineering, Veveří 331/95, 602 00 Brno, Czech Republic (phone: 
+420 541 147 633; e-mail: rovnanik.p@fce.vutbr.cz). 

higher formation of salt efflorescence [5], faster carbonation 
[17] and tendency to crack during curing [18], [19]. 

Researchers have been trying to solve some of these 
problems by using different additives in the AAA system. 
Therefore, by using various types of polymer admixtures it is 
possible to overcome these problems. 

 

 

Fig. 1 Sketch of the geopolymerization process, including the 
deconstruction of MK by the activation of alkaline solution [20] 
 
Geopolymerization is a complicated process responsible for 

the formation of geopolymer. From the perspective of the 
changes in response to the reaction heat, the 
geopolymerization stages of alkali–metakaolin can be split 
into three stages: I deconstruction, II polymerization and III 
stabilization as shown in Fig. 1. However, these stages can 
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hardly be separated clearly for they may occur simultaneously 
[20]. 

The mechanism by which the geopolymer structure forms is 
thought to involve three major stages. The first of the three 
stages involves the depolymerization of the existing 
poly(siloxo) layer of the kaolinite. This is followed by the 
formation of (OH)3-Si-O-Al-(OH)3. Finally, there is 
polycodensation to higher oligomers and polymers that come 
together to make up the overall structure. 

II. EXPERIMENTAL 

A. Materials 

Metakaolin Mefisto K05 (the company CLUZ) was 
produced through controlled thermal processes and grain size 
adjustments of clay stones and floating kaolin clays. It is a 
highly active pozzolan on base of metakaolinite. Its chemical 
composition is given in Table I. Particle size are d50 = 6.34 µm 
and d90 = 11.62 µm. Sodium water glass with SiO2/Na2O = 1.6  
was used as alkaline activator of metakaolin. Quartz sand with 
a maximum grain size of 2.5 mm was used as aggregate. 

 
TABLE I 

CHEMICAL ANALYSIS OF METAKAOLIN MEFISTO K05 [% W/W] 

SiO2 Al2O3 Fe2O3 TiO2 CaO MgO Na2O K2O LOI 

55.01 40.94 0.55 0.55 0.14 0.34 0.09 0.60 1.57 

 
Four types of commercial polymer admixtures were used: 

VINNAPAS® 5023 L; VINNAPAS® 5111 L; VINNAPAS® 
7016 F; VINNAPAS® 7220 E. The first two are polymer 
powders based on vinyl acetate and ethylene. VINNAPAS® 
7016 F is a plasticizing dispersible polymer powder based on 
vinyl acetate, ethylene and methyl methacrylate. VINNAPAS® 
7220 E is a semi flexible dispersible polymer powder based on 
vinyl esters, ethylene and acrylic acid ester. Also, 
carboxymethyl cellulose (CMC), hydroxypropyl 
methylcellulose (HPMC) and polypropylene glycol (PPG) 
were used. CMC is cellulose derivative and water soluble 
polymer. The water-solubility is achieved by introducing 
carboxymethyl groups along the cellulose chain, which makes 
hydration of the molecule possible. HPMC is a chemically 
modified cellulose polymer. Geopolymer mortars were 
produced by mixing 350 g of metakaolin, 350 g of sodium 
silicate solution, 120 ml of water and 1350 g of aggregates. 
Each type of VINNAPAS® was added at dosages of 0.5, 1, 
1.5, and 2% by mass of metakaolin. CMC and HPMC were 
added at dosage 0.1, 0.5 a 1% by mass of metakaolin. PPG 
was added at dosage 1 and 2% by mass of metakaolin. The 
activator and polymer admixture were dispersed and partially 
dissolved in water prior to mixing with metakaolin. Then 
quartz sand was added into the mixture to prepare fresh 
mortar. 

Geopolymer mortar specimens were cast in prismatic 
moulds: 40  40  160 mm). The specimens were left in the 
moulds for 2 hours, then cured in oven at a temperature 40 ºС 
for 4 hours in order to accelerate the hardening process, and 
finally removed from the moulds after 24 hours. After 
demoulding, the specimens were stored in plastic bags for 27 

days at RH = 45 ± 5%. 

B. Tests 

Flexural strength was determined using a standard three-
point-bending test, while compressive strength was measured 
on far edge of both residual pieces obtained from the flexural 
strength test. Porosity measurements (mercury intrusion 
porosimetry) were performed only on reference specimen and 
specimens with the highest and lowest strength. The 
microstructure of geopolymer mortars was investigated with 
scanning electron microscope (SEM) (Tescan MIRA3 XMU), 
applying acceleration voltage of 30 kV. The samples used 
were dried and sputtered with gold.  

III. RESULTS AND DISCUSSION 

The results of each test are presented separately and their 
comparison has been done in a way to study the effect of each 
type of polymer content. 

A. Mechanical Properties  

Compressive and flexural strength of the reference 
metakaolin-based geopolymer mortar (REF) and of the 
polymer-modified geopolymer mortars by different types of 
VINNAPAS® are given in Figs. 2 and 3 respectively. The 
addition of all types of VINNAPAS® resulted in lower 
compressive strength values compared to REF composition, 
with the exception of VINNAPAS® 7016 F whose addition 
contributed to compressive strength increase. The maximum 
compressive strength was observed for the composition with 
0.5% of VINNAPAS® 7016 F, being by 12% higher than that 
of REF. The composition containing 2% of VINNAPAS® 
8031 H showed the minimum compressive strength value, 
which was by 60% lower than that of REF. 

The mortars containing VINNAPAS® 5111 L, 7220 E and 
5023 L showed higher flexural strength values than those 
made with 8031 H; however, only the specimens containing 
VINNAPAS® 7016 F had flexural strength values higher than 
the REF specimen. The mortars with 0.5 and 1% addition of 
VINNAPAS® 7016 F showed 10% higher flexural strength in 
comparison to the REF one. It should be noted that no 
efflorescence was observed on the surfaces of the samples 
with VINNAPAS® 7016 F (Fig. 6), whereas it was present on 
the other samples, which may explain its high strength. 

Compressive and flexural strength of the REF metakaolin-
based geopolymer mortar and of the polymer-modified 
geopolymer mortars by CMC, HPMC and PPG are given in 
Figs. 4 and 5, respectively. The addition of HPMC and PPG 
showed the lowest values for compressive and flexural 
strength. More specifically, the addition of PPG has not any 
effect on compressive and flexural strength. Nevertheless, 
intensive efflorescence was formed on the surfaces of the 
samples with 1 and 2% of PPG. It can explain the lowest 
mechanical strengths of these samples. 

0.1% addition of CMC contributed to compressive strength 
slightly increase. And the amount of 0.5 and 1% resulted the 
same values as REF values of flexural strength. 
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B. Microstructure 

Micrographs of the samples obtained from the mortars with 
VINNAPAS® admixtures showed that these mortars contain 
plenty of lamellar particulates of approximate mean size of 5 
μm (Figs. 8 and 9). It should also be noted that metakaolin 

particles in REF mortar (Fig. 8) reacted to greater extent than 
those of the other mortar (Fig. 9). However, the structure of 
geopolymer mortar with 1.5% 7016F (which had the 
maximum compressive strength) is more compact, which may 
explain its high strength. 

 

 

Fig. 2 Compressive strength of geopolymer mortars with different contents of different types of VINNAPAS® 
 

 

Fig. 3 Flexural strength of geopolymer mortars with different contents of different types of VINNAPAS® 
 

 

Fig. 4 Compressive strength of geopolymer mortars with different contents of HPMC, CMC and PPG 
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Fig. 5 Compressive strength of geopolymer mortars with different contents of HPMC, CMC and PPG 
 

 

Fig. 6 Geopolymer mortar specimens containing 1% VINNAPAS® 
7016 F 

 

 

Fig. 7 Geopolymer mortar specimens containing 1 and 2% of PPG 
 

 

Fig. 8 SEM photos (5000× magnification) of REF geopolymer mortar 
 

 

Fig. 9 SEM photos (5000× magnification) of geopolymer mortars 
with 1.5% VINNAPAS® 7016F 
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IV. CONCLUSION  

This paper presents an experimental study on the effect of 
commercial admixtures on metakaolin-based geopolymers. 
Several tests were carried out: mechanical (flexural and 
compressive strength), and microstructural (SEM).  

The maximum compressive and flexural strengths were 
obtained with admixture VINNAPAS® 7016 F for 1.5% and 
1% content, respectively. The minimum value of compressive 
and flexural strength was found for the specimens with HPMC 
and PPG at dosage 2%. The other types of VINNAPAS® 
showed slightly decreased mechanical characteristics. 

There are very few studies about the effect of polymer 
admixtures on metakaolin-based geopolymers. Therefore, it is 
necessary to expand studies in this field of science.  

ACKNOWLEDGMENT 

This outcome has been achieved with the financial support 
of the Specific Grant Project № FAST-J-16-3527 and the 
Ministry of Education, Youth and Sports of the Czech 
Republic under the “National Sustainability Programme I” 
(project № LO1408 AdMaS UP). 

REFERENCES  
[1] Davidovits J. Synthesis of new high temperature geopolymers for 

reinforced plastics/composites. SPE PACTEC 79 Society of Plastic 
Engineers, Brookfield Center; 1979, pp. 151–4. 

[2] Andini S, Cioffi R, Colangelo F, Grieco T, Montagnaro F, Santoro L. 
Coal fly ash as raw material for the manufacture of geopolymer-based 
products. Waste Manage 2008; 28:416–23. 

[3] Shi C, Krivenko P.V., Roy D. Alkali-activated cements and concretes. 
USA and Canada: Taylor and Francis; 2006. 

[4] Bakharev T, Sanjayan JG, Cheng YB. Alkali activation of Australian 
slag cements. Cem Concr Res 1999; 29:113–20. 

[5] Fernández-Jiménez A, Palomo JG, Puertas F. Alkali-activated slag 
mortars mechanical strength behavior. Cem Concr Res 1999; 29: 1313– 
21. 

[6] Chen W, Brouwers HJH. The hydration of slag. Part 1: Reaction models 
for alkali activated slag. J Mater Sci 2007; 42: 428–43. 

[7] Bakharev T, Sanjayan JG, Cheng Y-B. Sulfate attack on alkali-activated 
slag concrete. Cem Concr Res 2002; 32: 211–6. 

[8] Bakharev T, Sanjayan JG, Cheng Y-B. Resistance of alkali-activated 
slag concrete to acid attack. Cem Concr Res 2003; 33: 1607–11. 

[9] Puertas F, Amat T, Fernández-Jiménez A, Vazquez T. Mechanical and 
durable behaviour of alkaline cement mortars reinforced with 
polypropylene fibers. Cem Concr Res 2003; 33: 2031–6. 

[10] Rashad Alaa M, Khalil Mervat H. A preliminary study of alkali-
activated slag blended with silica fume under the effect of thermal loads 
and thermal shock cycles. Construct Build Mater 2013; 40: 522–32. 

[11] Rashad AM, Bai Y, Basheer PAM, Collier NC, Milestone NB. Chemical 
and mechanical stability of sodium sulfate activated slag after exposure 
to elevated temperature. Cem Concr Res 2012; 42: 333–43. 21 

[12] Roy Della M, Jiang Weimin, Silsbee MR. Chloride diffusion in 
ordinary, blended, and alkali-activated cement pastes and its relation to 
other properties. Cem Concr Res 2000; 30: 1879–84. 

[13] Shi C, Xie P. Interface between cement paste and quartz sand in alkali – 
activated slag mortars. Cem Concr Res 1998; 28: 887–96. 

[14] Brough AR, Atkinson A. Automated identification of the aggregate-
paste interfacial transition zone in mortars of silica sand Portland or 
alkali – activated slag cement paste. Cem Concr Res 2000; 30: 849–54. 

[15] Živica V. Effects of type and dosage of alkaline activator and 
temperature on the properties of alkali-activated mixtures. Construct 
Build Mater 2007; 21:1463–9. 

[16] Collins PG, Sanjayan JG. Workability and mechanical properties of 
alkali activated slag concrete. Cem Concr Res 1999; 29: 455–8. 

[17] Bakharev T, Sanjayan JG, Cheng YB. Resistance of alkali-activated slag 
concrete to carbonation. Cem Concr Res 2001; 31: 1277–83. 

[18] Hakkinen T. The influence of slag content on the microstructure, 
permeability, and mechanical properties. Cem Concr Res 1993; 23: 
407–21. 

[19] Collins F, Sanjayan JG. Cracking tendency of alkali activated slag 
subjected to restrained shrinkage. Cem Concr Res 2000; 30: 791–8. 

[20] Xiao Yao, Zuhua Zhang, Huajun Zhu, Yue Chen, Geopolymerization 
process of alkali–metakaolinite characterized by isothermal calorimetry. 
Thermochimica Acta 493 (2009), pp. 49–54. 


