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Abstract  
   The effect of silica nanoparticles used as a nanoporous additive in cement was studied with various wt- 

% ratios. Saccharum officinarum bagasse, an agricultural waste residue was used to synthesize silica 

nanoparticles as it contains a high amount of silica. The synthesized silica nanoparticles were 

characterized through XRD and FTIR spectroscopic analysis techniques. By the analysis of XRD, 

crystalline peaks were found to be particularly of quartz form of silica with an average size of 25.58 nm. 

The characteristic functional group of the extracted silica nanoparticle was observed at various 

absorption bands such as the peaks at 1056 cm
-1

 and 794 cm
-1

 correspond to Si-O-Si asymmetric and Si-

O symmetric stretching modes respectively. The extracted silica nanoparticles were applied to form 

nanocomposites with cement to investigate their compressive strength and the silica nanoparticle was 

found to increase the compressive strength of cement due to the pozzolanic reaction of silica 

nanoparticles with Ca(OH)2.  
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1. INTRODUCTION  

   Cement, a dominant binding material for 

concrete, is widely used in modern 

construction [1,2]. The major benefit of 

cement is its degree of strength that can be 

adapted to meet the needs of a specific 

construction by altering the water,  cement, 

and the aggregate ratio [3]. Cement 

contains two major constituents i.e., tri-

calcium silicate and di-calcium silicate 

which gives calcium silicate hydrate 

(3CaO.2Si  .3  O) (C-S-H) and calcium 

hydroxide (Ca(OH)2) on hydration. The C-

S-H is chiefly superintended for the 

improvement of the mechanical strength of 

concrete [4,5]. Concrete strengthens year 

by year due to the cement’s ability to form 

bonds with surrounding moisture particles 

[6]. However, the quasi-brittle essence is 

the utmost hindrance to concrete and 

cement-based materials [7]. The chemo-

mechanical are enhanced by influencing 

the mechanism of early-stage hydration. 

Nano-additives allow the hybridization and 

maneuvering of the crystal structure at a 

discrete length scale at the early hydration 

and curing of cement paste [8]. Nano-silica 

[9], nano-alumina [10], nano-titania [11], 

nano-iron oxide [12], and nano-clay 

particles [13] are some of the additives 

used as supplements in cement paste. 

However, nano-silica is the one that 

remarkably influences the mechanical 

characteristics of cement-based composites 

attributed to elevated purity and high 

surface area. Moreover, silica nano-

particles act as nucleation sites for the 

extension of hydration products in cement 

due to their diminished size followed by 

their sizeable surface area, purity, and their 

amorphous nature [14]. Furthermore, silica 

nanoparticles can be prepared by 

employing the green synthesis technique. 

For the green synthesis, various solid 
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wastes can be used as the starting materials 

[15]. Some of the wastes containing silica 

are shown in Table 1. 

Table 1. Silica sources and its composition 

in waste materials. 
Silica sources Silica Content (%) 

Sugarcane bagasse ash 96.93 [15] 

Rice husk ash 93.20 [16] 

Sugarcane leaf ash 80.14 [17] 

Rice straw ash 75.00 [18] 

Wheat straw ash 55.00 [19] 

Corn cob ash 52.32 [20] 

 

   Among the agricultural residue as 

presented in Table 1, silica content is 

maximum in sugarcane bagasse ash 

(SCBA), which is also highly porous with 

high surface accessibility and purity [15, 

21]. The use of silica as a porous material 

is well established owing to its 

advantageous aspects such as low density, 

low toxicity with good biocompatibility, 

ease of substrate modification, stability, 

and cost-effectiveness [22, 23]. Hence, in 

this paper, nano-silica was extracted from 

sugarcane bagasse ash and used to prepare 

cement/silica nanocomposites varying in 

composition. Furthermore, it investigated 

the influence of nano-silica on the 

compressibility strength of the 

cement/silica nanocomposites. 

2. EXPERIMENTAL 

2.1. Materials 

   Sugarcane bagasse (SCB) was collected 

from local fruit shops in Kathmandu. The 

chemicals used in the experiment; 

hydrochloric acid (36.5 %), and sodium 

hydroxide pellets (98%) were 

manufactured from Thermo Fischer 

Scientific India Pvt. Ltd. Mumbai and 

supplied from the local market in 

Kathmandu and used without further 

purification.  

 

2.2. Methods 

A. Extraction of Silica Nanoparticles 

from Sugarcane Bagasse ash (SCBA) 
   Sugarcane bagasse (SCB) was washed 

and sun-dried for 4 days. The dried SCB 

was burnt for 5 hours to form white ash 

[24]. 20 g of SCBA was dispersed in 120 

mL of distilled water and was neutralized 

using 1 N HCl with continuous stirring for 

2 hrs. The ash residue was filtered, and 

washed and 1 N NaOH was added with 

constant stirring to produce a sodium 

silicate solution [25]. The solution was 

filtered and the residue was washed with 

boiling water to remove the carbon 

residue. The filtrate was again neutralized 

by 1 N HCl to get silica gel. After aging 

the silica gel for 18 hours, water was added 

to it to make a slurry which was then 

centrifuged for 15 minutes. The gel was 

then dried in a hot air oven for 24 hours.   

B. Preparation of Cement/Silica 

Nanocomposite 

   The cement/silica nanocomposites were 

prepared in 90/10, 85/15, and 80/20 weight 

ratios of cement and nano-silica by adding 

25% distilled water to the total weight of 

mixtures. Four different cubes (2×2×2 cm) 

were prepared in the wooden mold and 

allowed to be set for 24 hours. Further, the 

prepared cubes were cured by immersing 

them in distilled water for 7 days.  

2.3. Characterization Techniques 

   The XRD analysis technique was used to 

determine the crystalline structure and size 

of synthesized silica nanoparticles. The 

crystalline size of silica nanoparticles was 

calculated by using Debye-Scherer’s 

equation [26].  

Crystallite size (D) = (Kλ)/βcosθ) 

where, K = Scherer’s constant a having 

value 0.9,  

λ= wavelength of X-ray. 

β = Full width of half maximum intensity 

(FWHM) whose value must be in radian.  

   The instrument used for XRD analysis of 

the synthesized silica nanoparticles was 

Bruker D2 Phaser Diffractometer (USA) 

with a monochromatic CuKα radiation 

source (λ = 0.15418 nm) at angle 2θ 

ranging from 10° - 80°.   
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Likewise, FTIR spectroscopic technique 

was used to obtain the infrared absorption 

spectrum to identify the functional groups 

present in the synthesized silica 

nanoparticles. The instrument used for 

FTIR analysis of extracted silica was the 

IR Affinity-1S FT-IR Spectrometer 

(SHIMADZU, Japan) where spectra were 

analyzed using the KBr pellet method in 

the spectral range of 4000 – 400 cm
−1

. 

Furthermore, the compressive strength test 

was done to measure the maximum amount 

of compressive load that a material can 

bear before breaking. Compressive 

strength was calculated using equation (1) 

[27]: 

                     
                 

                         
    (1) 

   The compressive strength of the prepared 

sample block was tested using 

Compression Testing Machine (C.T.M.), 

Harrish and Terrish, India. 

3. RESULTS AND DISCUSSIONS 

3.1. XRD Analysis of Silica 

Nanoparticles 

   The extracted white powder was 

subjected to determination of the crystallite 

size via X-ray diffraction (XRD) analysis. 

Vindication of the effectiveness and the 

size of silica nanoparticles were provided 

by XRD analysis. The X-ray diffractogram 

of the sample is shown in Figure 1:  

 
Figure 1. XRD pattern of extracted silica 

nanoparticle. 

 

   From Figure 1, the diffraction peaks 

were assigned at 28.68°, 31.96°, 40.86°, 

45.67°, 50.86°, 58.72°, and 67.98° of 2θ 

values which were particularly of quartz 

form of silica and have been keenly 

indexed as trigonal crystalline structure 

[28]. The crystalline phase of silica in 

sugarcane ash was related to the condition 

of combustion, as the temperature was 

increased the amorphous silica present in 

sugarcane was transformed into crystalline 

silica polymorphs, like quartz [29,30]. The 

average crystallite size of synthesized 

nanoparticles was found to be 25.58 nm 

using Debye Scherer’s equation. 

 3.2. FTIR Analysis of Extracted Silica 

Nanoparticles  

   FTIR analysis was carried out for the 

identification of unknown samples through 

absorption of the functional group. The 

FTIR spectra of synthesized silica are 

shown in Figure 2. 
 

 
Figure 2. FTIR spectrum of extracted 

silica nanoparticle. 

   Figure 2 showed a significant spectrum 

of various characteristics absorption bands 

identifying the major functional group as 

Si-O-Si asymmetric and Si-O symmetric 

stretching. The peaks at 1049 cm
-1

 and 794 

cm
-1

 were due to the Si-O-Si asymmetric 

bond of siloxane groups and Si-O 

symmetric stretching modes respectively. 

The band centered at 447 cm
-1

 was 

assigned to the bending frequency of Si-O-

Si stretching [31]. The band around 1629 

cm
-1

 was usually because of O-H bending 
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vibration from the Si-OH silanol group 

[32]. No peaks were detectable between 

2800 cm
-1

 and 3000 cm
-1

. It means there 

were no original organic compounds on the 

surface in silica after controlled 

combustion and extraction which was 

engrossing as organic molecules, 

especially with carboxylates were tough to 

eliminate from metallic oxides [33].  

3.3. Compressive Strength Test of 

Cement/Silica Nanocomposites  

   The compressive strength of pure cement 

and cement/silica nanocomposites (90/10, 

85/15, and 80/20 of weight ratios) block 

was calculated using equation (1). The 

calculated value was plotted in a bar 

diagram as shown in Figure 3. It was found 

that the compressive strength of pure 

cement and cement/silica nanocomposites 

(90/10, 85/15, and 80/20 of weight ratios) 

block gradual increase by the addition of 

silica nanoparticles was due to the 

formation of calcium silicate hydrate as 

13.7, 15.10, 15.5 and 17.1 N/m
2
 

respectively. The pozzolanic reaction of 

silica nanoparticles with Ca(OH)2 

concluded the formation of calcium silicate 

hydrate gel in the final stage because of the 

chemical reaction of silica nanoparticles 

with the available calcium in the mixture 

[34].  

 

   Hydration of cement component 

2 Ca3SiO5      +          7 H2O    →      3 CaO · 2 SiO2· 4 H2O      +       3 Ca(OH)2 
(Tricalcium silicate)                                     Calcium silicate hydrate 

   The reaction of silica nanoparticles with calcium hydroxide 

Ca(OH)2      +        SiO2      →            C-S-H 

 (calcium silicate hydrate) 

 

 
Figure 3. Compressive strength test of 

extracted silica nanoparticle. 

   Furthermore, the compressive strength of 

cement/silica nanocomposite was 

improved due to the packing effect of 

silica nanoparticles. The nanoparticle is 

used as a filler substance that elevates not 

only the strength but also density as well, 

mainly by filling the interstitial voids and 

pores inside the matrix [35]. Several kinds 

of research on various days strength tests 

indicated the enhancement of compressive 

strength to 20 - 30% from 7 days to 28 

days [36, 37]. Hence, the strength can be 

further increased with the reduction of pore 

size by silica nanoparticles [38]. 

4. CONCLUSION 

   The silica nanoparticles were extracted 

from sugarcane bagasse ash by the green 

synthesis method. The extracted silica 

nanoparticles were characterized by XRD 

and FTIR spectroscopic techniques. The 

extracted silica nanoparticles were blended 

with cement with varying composition 

such as 10 %, 15 %, and 20 % to form 

nanocomposites. The compressive strength 

of nanocomposites was enhanced with the 

increase in the number of silica 

nanoparticles as they improved the 

pozzolanic reaction and the formation of 

additional C-S-H was accomplished by 

cement hydration.  
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