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NaOH KOH
Chemical Result Unit Chemical Result Unit
substance substance
NaOH 98 % KOH 90.7 %
Na2C03 1 % K2C03 0.3 %
NaCl 200 ppm KCl 0.006 %
Fe 6 ppm Fe 2 ppm
SiO, 157 ppm  NaOH 1.2 %

Table 2. Chemical analysis of NaOH and KOH
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Na28i03 KzSiO3
Chemical Result Unit Chemical Result Unit
substance substance

SiOs 30 % SiO; 30.5 %
Na,O 14.5 % K,O 14.5 %
Water 55.5 % Water 55 %

Ratio of Ratio of
model 2.07 model 2.1 )

Table 3. Chemical analysis of Na2SiO3 and K2SiOs solutions
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Content Result Unit
o
Material SSD Specitic Water A1,203 317 OA)
gravity (gr/cm®)  absorption (%) TiO, 1.41 Yo
Coarse aggregates 2.62 1.3 Fe,0s 4.89 %
Fine aggregates 2.59 3.2 Zr0O, 0.1 %
Table 4. Specific gravity and Water absorption of aggregates K20 4.05 %
Bdians cdlo —Y—V Na,O 2.32 %
¥ = MnO 0.11 %
2 W oy Jké Jolxo £95 il dxdllao -V -Y-Y L.OI 1.41 %
&5}"5‘5 wgm Sle/ A1203. 1.71 -
) . . . . Specific Gravity 2.67 g/em®
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Table 1. Properties of Metakaolin (physical and chemical)
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Mix  Metakaolin o SOUW Nassios  Kosios agcg(r):;;es aggir; w S Fxira
3 3 3 3
ID (Kg/m’) (Kg/m®) (Kg/m®) (Kg/m?) (Kg/m’) (Kg/m®) (Kg/m®) (Kg/m’) (Kg/m®)
MN 350 140 - 210 - 840 840 14 40
MK 350 - 140 - 210 840 840 14 40
Table 5. Mix design related to the effect of alkaline activator type on compressive strength
ol Canslis o Ol 6 6 bg e Yl glan b N J g
Mix ID Metakaolin NaOH 14M Na2Si03 Coarse aggregates  Fine aggregates SP Extra water
* (Kg/m?) (Kg/m?) (Kg/m?) (Kg/m?) (Kg/m?) (Kg/m?) (Kg/m?)
MO 350 140 210 840 840 14 0
M20 350 140 210 840 840 14 20
M40 350 140 210 840 840 14 40
M60 350 140 210 840 840 14 60
MS80 350 140 210 840 840 14 80
Table 6. Mix design related to the effect of extra water on compressive strength
Gl Caslis e denS 5 5den Jslome Cale 6 4 by o WO Sla bV J g
. NaOH
Mix Metakaolin NaOH NazSi03 ag?g(r):;jes agglil:r;ea tes SP Extra water  concentration
ID (Kg/m?) Kgm’)  (Kg/m’) (Ke/m?) (Ke/m?) Kgm’)  (Kg/m’) M)
MI10 350 140 210 840 840 14 40 10
Mi12 350 140 210 840 840 14 40 12
Ml14 350 140 210 840 840 14 40 14
Ml6 350 140 210 840 840 14 40 16
Table 7. Mix design related to the effect of NaOH concentration on compressive strength
Golad Cuslis I Le a4y HL oS Jlb glome S35 Sl 0 4 bgy e DO Glar b A J g
Mix Metakaolin NaOH NaxSiOs Coarse Fine Sp Extra . alkaline .
D (Kg/m?) 14M (Ke/m?) aggregates aggregates (Kg/m?) water activator/metakaolin
gm (Kg/m®) gim (Kg/m?) (Kg/m®) ™ (Kg/m?) weight ratio
MO0.9 350 126 189 840 840 14 40 0.9
M1 350 140 210 840 840 14 40 1
MIl.1 350 154 231 840 840 14 40 1.1
Table 8. Mix design related to the effect of alkaline activator/metakaolin ratio on compressive strength
Gl Caslis s S pden 4 e DG Jsloee 55 Cond S0 4 Lo DY Slaz b 8 g
Mix ID Metakaolin  NaOH  NaxSiOs ag?g;):;::es Fine aggregates SP 5’;:2 NazSi03/NaOH
(Kg/m¥)  (Kg/m’) (Kg/m?) (Ke/m?) (Kg/m?) (Kg/m?) (Kg/m?) weight ratio
MRI1 350 175 175 840 840 14 40 1
MRI.5 350 140 210 840 840 14 40 1.5
MR2 350 117 233 840 840 14 40 2
MR2.5 350 100 250 840 840 14 40 2.5
MR3 350 87.5 262.5 840 840 14 40 3

Table 9. Mix design related to the effect of Na2SiO3/NaOH ratio on compressive strength
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Fig. 2. Effect of extra water on compressive strength
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K 5 Na sla 2815 5550 55 sl & L5 s o)
S 6l B et e J e LS55l 5L by e
O bl (Gl Il e a5 K e
Ao n ¥ b ek 85 e 1SCES 5 e T 5 0 Sk
s (S0 5 S ot ol iy S 68 g (DDl
S Jleb 55 [3938] 552 o plonil cadsl b 5B 51 3

3003 ey 555 A5 T3 sty 53 et Sl B L3



\YAQ JL»I/\ a)l.a.\::/M 092

oot Ol jes pwdige Eash = oede aloe

Coglio g 3 S 9 o0 Jolome cdald WG Y-

Sold
e S ool Jslme CBE S0 ) b e s
IS s Gl ol ol aae 5 ek 855 o ool sl

el 0 4511 (1)

éjmujtb},ﬁmwb%ﬂJ}buwjgbeﬁi

=
[aW
b= 25.6
= 23.1/23 s———ﬁ 5
% 19.8 /20.2
b=
o 16.1
=
g
3
] M10 M12 M14 M16
— =—7-day 28-day
NaOH concentration (M)

Fig. 3. Effect of NaOH concentration on compressive strength
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Table 10. Water/solid ratio and compressive strength
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Abstract

Concrete due to its special feature, is the most widely consumed material in the world, after water. But the
production process of ordinary Portland cement as a main component of conventional concretes, has major
disadvantages such as high amount of carbon dioxide emission and high energy consumption. Therefore, it
seems necessary to find an alternative to ordinary Portland cement. In recent years, geopolymer has been
introduced as a novel cementing agent and green alternative to the Portland cement which can eliminate the
extensive negative of ordinary Portland cement production process. According to the needed engineering
characteristics perspective in civil engineering, the geopolymer concretes have better chemical and mechanical
properties than the ordinary ones such as high compressive, flexural and tensile strength, rapid hardening,
resistance against high heat and firing, low penetration, resistance against salts and acids attacks and low creep.
Compressive strength is considered as one of the important characteristics of concrete. In geopolymer
concretes, according to the ingredients, several factors have been identified as important parameters affecting
the compressive strength like: the type of aluminosilicate source, the molar composition of the oxides present
in the aluminosilicate source, the curing regime, the water content, the weight ratio of alkaline activator
solution to aluminosilicate source, alkaline activator solution parameters and etc. Hence, in this experimental
research, several factors affecting the compressive strength of metakaolin-based geopolymer concrete
including: the type of alkaline activator solution, the weight ratio of water to solid material participated in
geopolymerization, sodium hydroxide concentration, the weight ratio of alkaline activator solution to
aluminosilicate source and sodium silicate to sodium hydroxide weight ratio, were studied. In this regard,
geopolymer concrete specimens were made and cured in 80 °C for 24 hours. After curing, specimens were
placed in the ambient condition and compressive strength test, were performed. The obtained results indicated
that using potassium hydroxide and potassium silicate as an alkaline activator solution, result in higher 28-day
compressive strength of geopolymer concrete compare to sodium-based alkaline activator solution. On the
other hand, using sodium hydroxide and sodium silicate as an alkaline activator solution, result in higher 3-
and 7-day compressive strengths and also, faster hardening compare to potassium-based alkaline activator
solution. Furthermore, increasing the weight ratio of water to solid material result in significant decreasing
geopolymer concrete compressive strength. Also, 7-and 28-day compressive strength of geopolymer concrete
is increases with increase in concentration of sodium hydroxide up to 14 M, but for 16 M, there is no
remarkable changes in compressive strength. Besides, increasing sodium hydroxide concentration, causes
faster hardening of geopolymer concrete. It is also absorbed that increasing the alkaline activator solution to
metakaolin weight ratio result in decreasing geopolymer concrete compressive strength. Moreover, Increasing
the weight ratio of sodium silicate to sodium hydroxide up to 1.5 (the optimum ratio), leads to achieve the
highest 7-and 28-day compressive strengths of geopolymer concrete, but 7-and 28-day compressive strengths
of geopolymer concrete is decreases noticeably, with further increase in weight ratio of sodium silicate to
sodium hydroxide ratio up to 3. Compressive strength of geopolymer concrete is increases with increase in
curing temperature up to 80 °C, but further increase up to 90 °C, result in decreasing geopolymer concrete
compressive strength.

Keyword: geopolymer concrete, metakaolin, compressive strength, alkaline activator solution, sodium,
potassium.



