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Abstract.  Addition of nano-SiO2 (NS) to geopolymer composites has been studied through measurement 
of compressive strengths, FTIR and XRD analysis. Alumino-silicate materials are coarse aggregate included 
waste concrete and demolished walls with its cementing binder, cement kiln dust (CKD) used and can 
possess a pronouncing activation for the geopolymer reaction resulting from the high alkali contents within. 
Materials prepared at water/binder ratios in a range of 0.30: 0.40 under curing of 40

o
C and 100% Relative 

Humidity (R.H.), while the used activator is sodium hydroxide in the ratio of 2 wt. %. First, CKD is added in 
the ratio from 10 up to 50 wt., %, and the demolished walls was varied depending on the used CKD content, 
while using constant ratio of waste concrete (40 wt., %). Second step, depending on the optimum CKD ratio 
resulted from the first one (40 wt. %), so the control geopolymer mix composed of cement kiln dust, 
demolished walls and waste concrete in the ratio  (40:20:40, wt %). Nano-silica partially replaced waste 
concrete by 1 up to 8%. Results indicated that, compressive strengths of geopolymer mixes incorporating 
nano-silica were obviously higher than those control one, especially at early ages and specially with 3%NS. 
 

Keywords:  nanostructures; sol-gel growth; amorphous materials; composite materials; inorganic 

compounds 

 
 
1. Introduction 
 

In this new century, the Nano-structured material technology developing at an astonishing 

speed and will be applied extensively with many materials. As known C-S-H gel (calcium silicate 

hydrate) in cement is a common building material where its main hydrate product is a natural 

Nano-structured material (Taylor 1993, Richardson 2000, Zhang 2000). Whilst the addition of 

Nano-materials in cement and concrete can lead to an extra improvements in the nanostructure of 

hydrated building materials (Maile 2006). Unique physical and chemical properties of Nano-

materials lead to the development of more effective materials than ones which are currently 

available (Li et al. 2004).  

Many researchers have applied slag; fly-ash and silica fume (SF) as a pozzolana for improving 

cement-based materials. It is well known that SF belongs to the category of highly pozzolanic 

materials because it consists essentially of non-crystalline silica with a high specific surface.  

However, the SF activity at early ages is somewhat low according to the literature (Mitchell and 
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Hinczak 1998, Papadakis 1999). As the need for the development of alternative eco-friendly 

building materials, alkali-activated binders has been promoted by the growth of the building 

industry, the increased performance requirements placed upon materials, and the higher 

sustainability criteria applied in construction. Alkali-activated binders offers an attractive partial or 

complete substitution of Portland cement in the production of mortars and concretes, offering 

comparable performance and cost (Duxson et al. 2007a) while reducing greenhouse gas emissions 

(Duxson et al. 2007b). 

In the activation of aluminosilicate precursors; the most relevant characteristics related to the 

alkali activator are: the type of alkaline salt (usually silicate or hydroxide) (Van Jaarsveld and Van 

Deventer 1999, Phair and Van Deventer 2001, Fernandez-Jimenez and Palomo 2005); the method 

of addition of the alkaline component (as a solution or in solid-state) (Yang et al. 2008, Yang and 

Song 2009, Hajimo et al. 2009), and the dosage of the alkali component, usually expressed as 

molar ratios considering the overall composition of the raw material. Additionally, it has been 

reported (Van Jaarsveld and Van Deventer 1999, Duxson et al. 2007, Fernandez-Jimenez et al. 

2006) that the cationic alkali supplied by the alkaline solution influences the first stage of binder 

formation, consequently the mechanical performance of the final products. The alkali-activators 

conventionally used are sodium or potassium hydroxides, and/or sodium or potassium silicates 

(Provis 2009). Activation with K-containing solutions leads often to an increased compressive 

strength development as compared with Na-containing solutions, where the size and charge 

density of the alkali cation play an important role in controlling the rate and extent of condensation 

during the polycondensation or crystallization process (McCormick and Bell 1989), however, 

these effects are also dependent on the chemical and physical nature of the solid precursor used 

(Phair and Van Deventer 2001). 

Calcium hydroxide effect on the mechanical as well as microstructural characteristics of 

alkaline activated geopolymer alumino-silicates wastes produced from demolition works were 

investigated by Khater (2012), where calcium compound addition improve the mechanical and 

microstructural properties with hydrated lime up to 10 wt., % for water cured specimens under 

ambient temperature, while it slightly decreases for curing at 100%R.H at 40°C. The effect of 

silica fume (SF) addition on properties of geopolymer materials produced from alkaline activated 

metakaolin and demolished waste concrete has been studied by Khater (2013a), Results indicated 

that compressive strengths of geopolymer mixes incorporating SF increases up to 7% substitution 

and then decreases up to 10% but still higher than the control mix. 

 On the other hand, Cement kiln dust which is an industrial waste from cement production has 

relatively high alkaline content which is predominant factored preventing its recycling in cement 

manufacture. However, these high alkalis lie in CKD could provide the necessary environment 

required for geopolymer activate depending on water-soluble alkalis and sulfate compounds. 

Utilization of cement kiln dust (CKD) with its high alkali content in the activation of geopolymer 

specimens to create nonconventional cementitious binders was investigated by Khater (2013b). 

Based on this background, the aim of this paper is to study effect of nano-silica addition on the 

physico-mechanical characteristics of the resulting geopolymer materials produced from 

construction and demolition wastes producing cementless materials that can be applied in many 

building applications. Testing of the resulting geopolymer product is studied by X-ray 

diffraction(XRD), FTIR, compressive strength testing and drying shrinkage are conducted on 

pastes of geopolymer based sample, in order to generate a better understanding of the effect of the 

nano silica on the behavior of Geopolymerization reaction. 
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Table 1 Chemical composition of starting materials (Mass, %) 

     Oxide,     

         % 

Material 

SiO2 Al2O3 Fe2O3 CaO MgO SO3 K2O Na2O TiO2 MnO2 P2O5 Cl
-
 L.O.L. Tatal Notes 

Demolished 

walls 
76.28 2.54 2.01 9.03 0.16 1.31 0.13 0.2 0.02 -- 0.02 -- 7.84 99.56 -- 

Waste 

Concrete 
84.09 0.23 1.54 6.23 0.14 0.06 0.31 0.74 -- -- -- -- 6.59 99.94 -- 

By-Pass 

Cement 

Kiln Dust 

(CKD)-

Helwan 

4.91 2.12 2.40 49.30 0.61 18.50 5.73 0.32 0.18 0.01 0.08 8.58 6.50 99.73 

Free 

Lime, 

CaO=15.5 

Nano Silica 99.90 0.01 0.01 0.01 0.01 0.01 0.01 0.01 -- -- -- -- 0.02 99.98 -- 

 

 

Fig. 1 XRD analysis of the used raw materials (Q: Quartz, C: Calcite, P: Portlandite, Sy: KCI, L: Lime, 

An: Anhydrite (CaSO4)) 

 
 
2. Experimental procedures 
 

2.1 Materials 
 

Alumino silicate materials used in this investigation are demolished walls with its cementing 

binder as well as coarse aggregate included waste concrete both well grinded and passing a sieve 

of 90µm and sourced from 6
th
 October landfills, Egypt. Cement kiln dust (CKD) which is a fine, 

highly alkaline powder produced from cement manufacture sourced from Helwan Cement Factory, 

Cairo, Egypt. Materials, which used in this investigation, were characterized by means of chemical 

analysis as represented in Table 1. 

Mineralogical characterization was done using X-ray diffraction analysis, showing that  

183



 

 

 

 

 

 

H.M. Khater 

Table 2 Properties of nano-SiO2 

Description Results 

Diameter (nm) 8-18 

Purity (%) 98 

Surface area (m
2
/g) 240 

Density (g/cm
3
) 0.5 

Molecular SiO2 

Molecular weight 60.08 

 

Figure(2): Transmission electron microscopy  image of nano-

silica. 

 

Fig. 2 Transmission electron microscopy image of nano-silica 

 

 

demolished walls composed of quartz, calcite and portlandite (from cement mortar hydration) in a 

decreasing order. Coarse aggregate included waste concrete has a major content of quartz and little 

calcite content, Cement dust pattern depicts that it is composed of calcite, anhydrite, lime and a 

minor content from sylvite as represented in Fig. 1.  

Nano-silica used in this investigation is a synthetic product with spherical particles in the range 

of 8-18 nm and 60 m
2
/g blain fineness imported from Sigma-Aldrich (Germany). The chemical 

analysis showed that it consists mainly of pure silica, 99%, while its X-ray diffraction (XRD) 

pattern (Fig. 1) shows that nanosilica is mostly composed of amorphous quartz. The physical 

properties of nano-silica are given in Table 2. Laser particle size distribution pattern of nano-silica 

indicate that the crystallinity of NS is of an average particle size of 60 nm. 

Transmission Electronic Microscopic (TEM) was carried out using type JEOL - JEM - 1230 of 

magnification up to 60000 to test the particle size of the used nano-silica powders. Fig. 2 shows 

the morphologies of NS, where its particles are represented by highly agglomerated clusters with  
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Table 3 Composition of the geoplymer mixes. (Mass, %) 

Mix no. 

Waste 

concrete 

(WC),% 

Demolished 

walls 

(DW),% 

Cement kiln 

dust, % 

Nano-Silica (NS) 

added from the 

waste concrete,% 

W/B 

ratio,% 

Super-

plasticizer,% 
NaOH,% 

C0 40.0 60 -- 0 0.300 -- 2 

C1 40.0 50 10 0 0.320 -- 2 

C2 40.0 40 20 0 0.334 -- 2 

C3 40.0 30 30 0 0.380 -- 2 

C4 40.0 20 40 0 0.420 -- 2 

C5 40.0 10 50 0 0.434 -- 2 

S0 40.0 20 40 0 0.360 1.5 2 

S2 39.6 20 40 1 0.360 1.7 2 

S3 38.8 20 40 3 0.370 1.7 2 

S4 38.0 20 40 5 0.380 2.3 2 

S5 37.2 20 40 7 0.400 2.7 2 

S6 36.8 20 40 8 0.420 3.0 2 

 

 

size of (40-65 nm). Alkaline activator used is Sodium hydroxide (NaOH) produced by SHIDO 

company with 99% purity for activation and formation of geopolymer constituents. 

 

2.2 Dispersion of Nano silica 
 

Nano silica material was first subjected for sonication using a Fritish 450 Sonifier Analog Cell 

Distributor for 15 min (Collins et al. 2012). Gelenium Ace 30-polycarboxylate based super- 

plasticizer used for Nano-silica dispersion as this Polycarboxylate based superplasticizer has been 

proven to be effective for Nano-silica dispersion (Senff et al. 2013). Solutions with concentration 

of 0, 1, 3, 5, 7 and 8-wt., % of the used waste concrete were used to identify the effect of Nano-

silica concentrations for the evaluation of its threshold ratio. 

 

2.3 Geopolymerization and curing 
 
Nano-particles are not easy to disperse uniformly due to their high surface energy. 

Accordingly, mixing was performed as follows: 

1. Nano-SiO2 particles were stirred with 50% of the mixing water using high speed magnetic 

stirrer for 15 min. 

2. Geopolymer materials passing a sieve of 90 µm as represented in Table 3 were hand mixed 

with the alkaline activator solution and with the other part of mixing water for 10 minute 

followed by a further 5 minute using rotary mixer and mixed at medium speed (80 rpm) for 

another 30 s. 

3.  Gelenium Ace- 30 superplasticizer (Polycarboxylate based) were added and stirred with the 

mixture at high speed for additional 30 s, followed by the previously stirred Nano-silica. 

4. The mixture allowed to rest for 90 s and then mixed for 1 min at high speed. 

All investigations involved the addition of 2 wt., %NaOH of dry mixes. Water-binder material 

ratio (w/b) increases depending on the added nano content as indicated in the table below. The 
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paste mixture was casted into 25×25×25 mm cubic-shaped moulds, vibrated for compaction and 

sealed with a lid to minimize any loss of evaporable water. 

All mixes were left to cure undisturbed under ambient temperature (23°C) for 24 hrs, demolded 

and then some specimens were left to be water cured under room temperature. At the end of the 

curing regime, the specimens were removed from their curing condition, dried well at 80°C for 24 

hrs then exposed to the compressive strength measurements, while the other parameters estimated 

by using the resulted crushed specimens. 

 

2.4 Methods of investigation 
 

Axios (PW4400) WD-XRF Sequential Spectrometer (Panalytical, Netherland) was used for 

Chemical analysis of the used materials. Compressive strength tests were carried out using five 

tones German Brüf pressing machine with a loading rate of 100 kg/min determined according to 

ASTM C109M (2012). Mineralogical investigation performed by using Philips PW 1050/70 XRD 

-Diffractometer using a Cu-Kα source with a post sample Kα filter. XRD patterns were collected 

from 0° to 50° 2Ө. Data were identified according to the XRD software (pdf-2: database on CD-

Release 2005). Particle size analysis was done using a laser scattering particle size distribution 

analyzer (Horiba LA-950, Kyoto, Japan). Hydration stopped by subjecting crushed specimens to 

stopping the solution of alcohol/acetone (1:1) using stopping solution on followed by washing 

with acetone as recommended by different investigators (Saikia et al. 2004, Khater 2010) to 

prevent further hydration. 

Transmission Electronic Microscopic (TEM) (type JEOL - JEM - 1230) used to measure the 

particle size of the nano. Bonding characteristics of the alkali activated specimens were analyzed 

using a Jasco-6100 Fourier transformed infrared spectrometer FTIR. Test sample was ground and 

uniformly mixed with KBr at a weight ratio KBr: specimen=200:1. The mixture, 0.20 g was 

pressed to a disk of 13 mm in diameter for analysis at 8 t/cm
2
.The wave number was ranging from 

400 to 4000 cm
−1 

(de Vargas et al. 2014, Panias et al. 2007). 

 

 

3. Results and discussion 
 

3.1 Effect of cement kiln dust on Geopolymer characterization 
 

FTIR spectra of 28 days cured (40°C and 100%R.H.) geopolymer specimens having various 

cement dust content are shown in Fig. 3. Bands description are as follow: stretching vibration of 

O-H bond at about 3430 cm
-1

, bending vibration of H-O-H bond at about 1630 cm
-1

, stretching 

vibration of CO2 located at about 1430cm
-1

, asymmetric stretching vibration (T-O-Si) at about 

1100cm
-1

 where T=Si or Al, symmetric stretching vibration of CO2 at about 870 cm
-1

, symmetric 

stretching vibration (Si-O-Si ) attributed to α-quartz at about 797 cm
-1

, symmetric stretching 

vibration (Al -O-Si) between778-781 cm
-1

, symmetric stretching vibration (Si-O-Si and Al-O-Si) 

in the region 676-688 cm
-1 

and bending vibration (Si-O-Si and O-Si-O) in the region 410-460  cm
-
. 

The pattern indicates the growth and the broadness of the main asymmetric band with CKD 

increase up to 40%, and then decreases with further increase. The increase in the band indicates 

the increased content of N-A-S-H gel which has a positive effect on strength increase. This 

illustrated the aluminosilicate polycondensation reactions with CKD addition up to 40%, resulting 

in growth of N-A-S-H gel, which contributes to an increase in mechanical properties of the  
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Fig. 3 FTIR spectra of 28 days cured (38°C and 100%R.H.) geopolymer speciments having various 

cement dust content where: C1 has 10% CKD, C4 has 40%CKD, C5 has 50% CKD. (1: stretching 

vibration of O-H bond, 2: Bending vibrations of (HOH), 3: Asymmetric stretching vibration (T-O-Si), 

4: Symmetric stretching vibration (Al-O-Si), 7: Symmetric stretching cibration (Si-O-Si and Al-O-Si), 

8: Bending vibration (Si-O-Si and O-Si-O)) 

 

 

resulting structure. 

Bands at about 797 cm
-1

 decreases with the cement kiln dust increase indicating the increased 

dissolution in α-quartz of the reacting raw materials, but the contribution of the resulting dissolved 

silica lowered with cement dust more than 40 %  which favoring the mononuclear formation than 

oligomerization and polymerization where the increased alkali contents consumes the surface 

species (>T-OH and >T-O−), where the bonding between insoluble solid particles and the 

geopolymeric framework takes place. Thus, the resulted geopolymeric materials will have low 

mechanical characteristics (Panias et al. 2007, Baes and Mesmer 1976). 

Bands at about 777  and 694 cm
-1

 for symmetric vibration band of (Al-O-Si) as well as the 

symmetric band of (Si-O-Si and Al-O-Si) are directly proportional to the asymmetric vibration 

band giving an indication about the increased dissolution and polymerization of aluminosilicate 

gel with CKD up to 40%. 

The appearance of bands in the regions of 1430 cm
-1

(ν C-O ), and 867 cm
-1

(δ C-O ) are typical 

of CO3
2- 

vibrational groups, present in inorganic carbonates (Garcia-Lodeiro et al. 2010), the 

increased intensity of carbonate with CKD is mainly due to increased carbonate in CKD and 

carbonation of the free alkalis lies within CKD.  

Fig. 4 shows the 28 days compressive strength of geopolymer mixes cured at 40°C and 

100%R.H. It is found that, the compressive strength of geopolymer specimens increase with CKD 

up to 40% then decrease with further CKD increase, giving an increased mechanical strength than 

the control by 89.9, 112.6, 143.4 and 172% for 10, 20, 30 and 40%, respectively, while further 

increase in CKD up to 50% leads to increase in the alkali content in the matrix and so 

efflorescence occurs, however strength still higher than the control one by 67.1% 

This can be explained by the high alkalis that lie within CKD lead to increase in pH of the 

medium and so the degree of polymerization of the resulting product. While further increase in  
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Fig. 4 Compressive strength of 28 days cured alkali activated Geopolymer specimens having 

various ratios of cement kiln dust 

 

 

Fig. 5 XRD pattern of Geopolymer mix without Nano silica at different curing ages (Q: Quartz, 

A: C4AH13, C: Calcite, CSH: Calcium silicate hydrate) 

 

 

CKD results in an extra alkalis increase which will negatively affect the reaction by terminating 

the geopolymer chains and also favor the reverse reaction for monomer formation and consuming 

the surface structure as mentioned before. This can illustrated well from the previously showed 

FTIR figure where the increased broadness and intensity of the main asymmetric peak (T-O-Si), as 

well as the symmetric peak of (Al-O-Si) when using 40%CKD emphasize the growth of N-A-S-H 

gel, which contributes to the increase in mechanical properties of the resulting structure with CKD 

addition up to 40%, while the reverse effect of alkali comes clear as these band lowered with 

increased CKD content (Baes and Mesmer 1976). 

 

3.2 Effect of Nano-silica on Geopolymer characterization 
 

XRD pattern of alkali-activated geopolymer mix admixed with Gelenium Ace superplasticizer 

and has not Nano-silica and cured at 38°C and 100%R.H., from 1 up to 180 days is shown in Fig. 

5. The pattern illustrate a broad band in the region of 6° to 10° 2θ for aluminosilicate gel and broad  
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Fig. 6 XRD pattern of 180 days Geopolymer mixed having various Nano silica content (Q: 

Quartz, A: C4AH13, C: Calcite, CSH: Calcium silicate hydrate) 

 

 

bands in the region of 17° to 35° 2θ characterizing glassy phase of geopolymer constituents. These 

two regions are considered as a vital role in geopolymer characterization, where any increase in 

these regions will be reflected on the performance and efficiency of the resulting geopolymer gel. 

CSH content increased with the increase of curing time as indicated from the increased broadness 

at 29.4° that results from the interaction of freely dissolved silica with Ca species in the matrix 

forming CSH, which accumulate in the open pores and transformed into crystalline form at the 

later curing ages, this will be in accordance with the consumption of the free portlandite content 

beyond 7 days. However, Aluminate phases that formed at early ages diminished with time as it 

dissolved into free alumina by alkaline effect and incorporated in the 3D geopolymer network, 

which  emphasized by the increased hump in the region between 17-35° 2θ. 

Addition of NS esults in the increase in the CSH phases at 29.4
o
 up to 3%, then decreases with 

further nanomaterials increase as illustrated in 180 days XRD spectra Fig. 6.where the dissolved 

Ca species react with the amorphous nanomaterials forming CSH that acts as a nucleating sites for 

formation and accumulation of dissolved species leading to a rapid hardening, forming a fine and 

homogeneous structure (Khater 2013a, 2013b). 

FTIR spectra of the control mix that has not nano silica and admixed with Gelenium Ace 

Superplasticizer for 90 days are shown in Fig. 7. The spectra showed the growth of the main 

asymmetric band at about 950 cm
-1

 with curing time reflecting the growth of the three dimensional 

geopolymer network (N-A-S-H gel) with time which accompanied by the decrease in the shoulder 

that lies at about 1100cm
-1

 for asymmetric vibration of non-dissolved silica from the reacting 

materials with time; reflecting the dissolution of the reacting materials and formation of 

geopolymer chains (Panias et al. 2007). There is also shoulder at about 3600 cm
-1

 for portlandite 

which decrease with time, forming the binding CSH phases which is in accordance with XRD 

pattern in Fig. 5. The spectra showed also the decrease of the carbonate content at about 1430, 870 

cm
-1

 with time where the resulted geopolymer structures fill most of the open pores and mostly all 

the alkaline activators consumed in the geopolymer formation, where the free alkalis in the 

medium are susceptible to carbonation and results in formation of trona ((Na3H(CO3)2.2H2O) and 

natron (Na2CO3.10H2O). 

FTIR spectra of geopolymer mixes having various ratios of Nano-silica cured up to 90 and 180  
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Figure (7): FTIR spectra of control Geopolymer mix without Nano-silica, admixed with super-

plasticizer, cured (40oC and 100%R.H.) at various curing times. [1,2 : Stretching vibration of O-H

bond, 3: Bending vibrations of (HOH), 4: Stretching vibration of CO2, 5: Asymmetric stretching vibration (Si–

O–Si), 6: Asymmetric stretching vibration (T–O–Si), 7: Symmetric stretching vibration of CO2, 8:Symmetric

stretching vibration (Si–O–Si ) attributed to α-quartz, 9: Bending vibration (Si–O–Si and O–Si–O)]

Wave no., cm-1
 

Fig. 7 FTIR spectra of control Geopolymer mix without Nano-silica, admixed with superplasticizer, cured 

(40°C and 100%R.H.) at various curing times (1,2: Stretching vibration of O-H bond, 3: Bending 

vibrations of (HOH), 4: Stretching vibration of CO2, 5: Asymmetric stretching vibration (Si-O-Si), 6: 

Asymmetric stretching vibration (T-O-Si), 7: Symmetric stretching vibration of CO2, 8: Symmetric 

stretching vibration (Si-O-Si) attributed to α-quartz, 9: Bending vibration (Si-O-Si and O-Si-O) 
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Figure (8): FTIR spectra of 90 days cured (40 oC and 100%R.H.) geopolymer specimens

having various Nano-silica content. [1,2,3 : Stretching vibration of O-H bond, 4: Bending vibrations

of (HOH), 5: Stretching vibration of CO2, 6: Asymmetric stretching vibration (Si–O–Si), 7: Asymmetric

stretching vibration (T–O–Si), 8: Symmetric stretching vibration of CO2, 9, 10 :Symmetric stretching

vibration (Si–O–Si and Al–O–Si ),11: Bending vibration (Si–O–Si and O–Si–O)]
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Fig. 8 FTIR spectra of 90 days cured (40°C and 100%R.H.) geopolymer specimens having various Nano-

silica content (1,2,3: Stretching vibration of O-H bond, 4: Bending vibrations of (OHO), 5: Stretching 

vibration of CO2, 6: Asymmetric stretching vibration (Si-O-Si), 7: Asymmetric stretching vibration (T-O-

Si), 8: Symmetric stretching vibration of CO2, 9,10: Symmetric stretching vibration (Si-O-Si and Al-O-Si), 

11: Bending vibration (Si-O-Si and O-Si-O)) 
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Figure (9): FTIR spectra of 180 days cured (40oC and 100%R.H.) geopolymer specimens

having various Nano-silica content. [1,2,3 : Stretching vibration of O-H bond, 4: Bending vibrations of

(HOH), 5: Stretching vibration of CO2, 6: Asymmetric stretching vibration (Si–O–Si), 7: Asymmetric

stretching vibration (T–O–Si), 8: Symmetric stretching vibration of CO2, 9: Bending vibration (Si–O–Si and
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Fig. 9 FTIR spectra of 180 days cured (40°C and 100%R.H.) geopolymer specimens having various 

Nano-silica content (1,2,3: Stretching vibration of O-H bond, 4: Bending vibrations of (OHO), 5: 

Stretching vibration of CO2, 6: Asymmetric stretching vibration (Si-O-Si), 7: Asymmetric stretching 

vibration (T-O-Si), 8: Symmetric stretching vibration of CO2, 9,10: Symmetric stretching vibration (Si-

O-Si and Al-O-Si), 11: Bending vibration (Si-O-Si and O-Si-O)) 

 

 

days are shown in Figs. 8 and 9. Fig. 8 showed the growth of the main asymmetric band at about 

950 cm
-1

 and decreased intensity of asymmetric shoulder of Si-O-Si related to non-solubilized 

quartz particles in raw materials with the increased dose of Nano-silica up to 3% then this 

asymmetric band increased again. As mentioned before, the increased intensity of asymmetric 

peak give an indication about the propagation and polymerization of the aluminosilicate network 

as the Nano-silica acts as a seeding agent for geopolymer accumulation and precipitation while 

further increase leads to the agglomeration of the Nano-silica leading to the formation of 

heterogeneous structure  filled with  many  pores and more prone to carbonation.  This confirms 

the decreased intensity of carbonate band with nanosilica up to 3% then increased again with 

further increase. The spectra illustrate also the enhanced effect of superplasticizer on the 

geopolymerization reaction as come clear from the asymmetric band of T-O-Si and the  noticeable 

increase in the intensity of asymmetric  Si-O-Si  than admixed with superplasticizer, this will 

reflected positively on the mechanical characteristics of the resulting product. 

Further increase in curing time up to 180 days (Fig. 9) results in an increased enhancement in 

the broadness of the main T-O-Si asymmetric band and decrease in the intensity of non-solubilized 

shoulder next to the previous band with the same sequence of the latter figure, which may be due 

to the increased dissolution of the reacting materials with time and incorporating in the formation 

of the geopolymer network (Garcia-Lodeiro et al. 2010). The spectra showed also the decrease in 

the broadness and intensity of carbonate bands at about 1430, 870 cm
-1

 with Nano-silica addition 

as the seeding effect of nano materials leaves little pores in the matrix susceptible to carbonation 

and so good homogeneity in the matrix, while the agglomeration of higher dose of nanosilica 

(>3%) results in the increased porosity in the medium and increased carbonation depth. 

Compressive strengths of geopolymer mixes that admixed with superplasticizer and that not 

admixed, cured up to 180 days are shown in Fig. 10. The strength pattern illustrates the presence 

of gap in strength values between specimens admixed with SP and those not admixed and this gap 

increases with time up to 180 days. This gap can be explained by the good homogeneity in the 

matrix structure, better rearrangement in the geopolymer network and good increased yield of the  
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Fig. 10 Comparing the compressive strength of alkali activated Geopolymer specimens admixed 

and those not admixed with superplasticizer 

 

 

Fig. 11 Compressive strength of alkali activated Geopolymer specimens doped with various 

doses of Nano-silica 

 

 

polymerization and precipitation. These facts confirmed by the increased content of N-A-S-H gel 

indicated from the asymmetric band at about 950 cm
-1

 (Figs. 8, 9) and also from the increased 

broadness of CSH peak in XRD pattern (Fig. 6). 

Compressive strengths of geopolymer mixes that contain various ratios of Nano-silica from 0 

up to 7% cured up to 180 days are shown in Fig. 11. The strength pattern illustrates the increase in 

strength of all mixes with curing time as a result of hydration progress forming CSH as well as 

geopolymer formation leading to a fine and homogeneous structure; where nano- silica has a 

specific surface of 160 m
2
/g, so the reaction between SiO2 and free Ca(OH)2 shows differences 

between the geopolymer precursor carrying free lime and NS is going in quick pattern rate where 

NS having many unsaturated bonds  Si -O  and  Si  in the surface, the reaction process between 

SiO2 and Ca(OH)2 may be as follows: 

=Si-O- +‏ H-OH →=Si-OH ----react quickly 
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=Si-+‏ OH →=Si-OH----react quickly 

=Si-OH ‏+Ca (OH)2→ C-S-H  

Furthermore, increasing Nano-silica content up 3% leads to enhancement in seeding nucleation 

and possess an additional nucleation sites for the geopolymer precursors formation. It is obvious 

that increase in the nano-SiO2 content beyond 3% did not change compressive strength 

significantly. It is found that large amounts of nano-SiO2 decrease the compressive strength of the 

composites instead of improving it. 

As the increased content of nano-SiO2 leads to difficulty in dispersing uniformly ,therefore a 

weak zone in the form of voids is formed, consequently the homogeneous hydrated microstructure 

can not be formed and a lower strength will be probable (Li et al. 2004). Furthermore, with 

increasing the NS content up to 3%, geopolymer paste strength increased. For example, compared 

with control sample, the strengths of 3%NS increased by 39.95%, 43.3%, 42.6% and 43.1% at 

ages of 7 day, 28 days, 90 days and 180 days, respectively, while using 5% NS leads to strength 

loss by -4.2, -0.03, 9.23 and -0.94% at ages of 7 day, 28 days, 90 days and 180 days, respectively. 

The trend of variation of compressive strength coincides with the XRD data, FTIR spectrum 

observations Figs. 8, 9, where the amorphous content of geopolymer materials increased with 

increasing NS content - as indicated from the increased intensity of main asymmetric T-O-Si band- 

as it forms more precipitation sites for geopolymer accumulation and precipitation when it 

interacts with free lime in the medium, forming CSH. Further increase in NS leads to insufficient 

wetting of the medium that hinder the propagation of geopolymer chains and so weaken its 

mechanical properties; as indicated from the increased carbonate content due to the increased weak 

zone with increased agglomeration of Nano-silica and so decrease of the intensity of amorphous 

band N-A-S-H as illustrated previously. 

 

 

4. Conclusions 
 

1- Cement kiln dust has high alkalis content and free lime that can efficiently be utilized in the 

activation of geopolymer precursors.  

2- Alkaline activation of aluminosilicate wastes in addition to alkalis lies within the industrial 

cement kiln dust which can possess ultra-activation results in the production of environmentally 

friendly cementing materials that can be applied in various building purposes.  

3- Uses of cement kiln dust for activation of aluminosilicate from demolition wastes can be 

effectively used up to 40%, while further increase leads to increase in the free alkali that can be 

susceptible to carbonation. 

4-CKD addition to alkali activated aluminosilicate materials results in better enhancement in 

the Geopolymerization process up to 40%, giving increased mechanical  strength than the 

control by 172%, while further increase leads to increase in the alkali content in the matrix and 

so efflorescence occurs, however strength still higher than the control one by 67.1% 

5-Using nanosilica to alkali activated geopolymer specimens’ increase and offers an extra 

nucleation sites for geopolymer formation and accumulation. 

6- Adding nano silica results in the enhancement in the mechanical and functional 

characterization of the resulting product up to 3%, whereas further increase results in 

agglomeration and weakening in the mechanical characteristics. 
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