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Abstract - Literature review on Nano Cement (NC) to 

illustrate that the application of Nao Cement (NC) on High 

Volume Fly Ash (HVFA) concrete can be applied. The 

results of its application can affect the durability, 

workability, and increase in concrete strength. In terms of 

concrete compressive strength, the use of Nano Cement 

(NC) as a partial replacement for cement is increasing, the 

higher the compressive strength in the concrete. So it can 

be concluded that the use of Nano Cement (NC) in 

concrete allows it to be applied or used, this is the goal 

from literature review research. Data collection was 

carried out by reviewing several Nano Cement (NC) 

related journals in the period between 2009-2022.  

Keywords: Nano cement, Durability, High Volume Fly Ash 

Concrete. 

I. INTRODUCTION 

The introduction of Nano technology has significantly 

influenced material science and caused major changes in 

materials. Currently, work in the construction world is 

growing rapidly with the increasing demand for concrete. 

Concrete is one of the materials most often used by humans 

today [1].  

Portland cement is produced around 4 to 5 billion tons 

per year and is the most expensive ingredient in concrete. It is 

estimated that this cement is mass-produced every years. 

However, research on the use of nanomaterials to improve the 

mechanical properties and durability of cement-based 

materials has received a significant boost. Portland cement is 

partially replaced by nanomaterials such as carbon tube 

(NCT), Nano-SiO2 (NS), Nano-Al2HAl3 (NA), graphene oxide 

(GO), NANO-TiO2 (NT), Nano-clay (NC), and Nano-

materials –ZnO2(NZ), Nano-CaCO3 and Nano-Fe2HAl3(NF) 

reduce CO2 emissions, thereby improving the mechanical 

properties and durability of concrete. Today's increasing 

demand for ultra-high performance concrete (UHPC) creates 

opportunities for the application of nanotechnology in 

concrete. These nanoparticles in concrete are an alternative to 

hybrid fumed silica concrete (traditionally used in UHPC for 

better strength and durability). Due to limited materials and 

high costs. Nano Silica was designed to mimic the 

characteristics of silica, which has led to the development of a 

variety of other nano materials in cement-based admixtures.[2]  

These nanoparticles can improve the quality of the 

cement matrix, and the introduction of these nanomaterials can 

produce concrete without changing the chemical composition 

of the material itself. Number of studies on the use of 

nanoparticles in concrete mixtures for the period 2009-2022. 

Nanocement in concrete mixes has been shown to improve 

concrete performance in Indonesia. Compared with the 

conventional mortar mixture with the same water-cement 

ratio, the compressive strength and flexural strength of this 

sample were significantly improved in the presence of Nano-

SiO2 and Nano-Fe2O3. Compared to materials engineering 

utilizing this nanotechnology, many studies have been 

done.[3] Nanocement research has been carried out to 

optimize the composition of the material and achieve very 

dense material densities. This density arises from the principle 

that nanoscale materials fill the pores. By using this Nano-

cement, the compressive strength of concrete can be improved 

and a higher modulus of elasticity than ordinary concrete can 

be produced [4].  

Researchers are currently very interested in the effect of 

using Nano materials as a substitute for cement in concrete. 

The materials/Nano particles are nano silica, Nano carbon 

tubes, Nano TiO2, Nano Fe2HAI3 and Nano AI2HI3.  

Due to its amorphous structure, high specific surface area 

and high purity, among all nanomaterials/particles, nanosilica 

is more suitable for the production of cement-based materials. 

It is a pozzolanic material with a dual action: by increasing 

nucleation, it improves the properties of the cement paste as a 

filler and also affects the properties of the cement paste due to 

the pozzolanic reaction.[5]  

However, Nano-SiO2 is amorphous, with smaller particle 

size and higher surface activity, so theoretically it can react 

with calcium hydroxide to generate calcium silicate hydrate 

(CSH) more efficiently. In addition, Nano-SiO2 particles can 

directly fill the micropores between cement hydrationproducts, 

thereby improving the mechanical properties of cement.[6]  
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To further exploit Nano-SiO2 sol on cement hydration, adopt 

XRD to analyze the mineral composition of the original 

cement stone and adjust the cement with 2% and 100% Nano-

SiO2 sol after processing for 1 day under high temperature.[6]  

Nano-SiO2 has been used to increase the strength, 

flexibility and aging resistance of polymers. The effect of 

Nano-SiO2 on the mechanical properties of High-Volume Fly 

Ash High Strength Concrete (HFAC) has been studied. 

Comparisons were made between Fly Ash combining Nano-

SiO2, Fly Ash, and Nano-SiO2 alone in terms of change in 

weight after immersion in a saturated lime solution. The 

addition of Nano-SiO2 to high-volume high-strength concrete 

leads to an increase in strength. The pozzolanic activity of 

Nano-SiO2 can activate Fly Ash, causing weight gain.[7]  

The inclusion of fly ash (FA) in cement mortar was 

studied. The amount of powder used in all mixtures was 0.5, 

1.25 and 2.5% by weight of the binder. The results showed 

that the addition of 1.25% of all types of oxide powders (NS, 

NA and NF) increased the compressive strength of the mortar 

compared to other proportions. Use of 1.25% Na powder 

increases compressive strength compared to conventional 

blends.[11]  

The use of X-Ray Diffraction is implemented in these 

journals. X-Ray Diffraction (XRD) is one of the most widely 

applied engineering material characteristics. Apart from X-

Ray Diffraction, Scanning Electron Microscopy (SEM) 

applications. Scanning Electron Microscopy (SEM) is an 

electron microscope technique that can produce detailed visual 

images of particles with high quality and spatial 

resolution.[12]  

The purpose and objective of reviewing this journal is to 

find out the results of several research journals. To find out the 

increasing application of durability, workability and strength 

in concrete, comparisons between methods for making Nano 

Cement in several journals, in addition to explaining the 

application of Nano Cement as a mixture in making concrete. 

This journal review is presented as a reference in knowing 

how much Nano Cement is used as a material for concrete 

work.  

II. METHOD 

Method of the research used is a systematic literature 

review, which collects, evaluates, integrates and analyzes 

findings from various research journals on an issue or topic of 

interest systematically. 

Table 1: Literature Review Table 

TOPIC AUTHORS 

Durability properties of high volume fly ash concrete containing nano-

silica 
[1](SWM Supit and FUA Shaikh. 2015) 

Influence of nano-TiO2, nano-Fe2O3, Nanoclay and Nano-CaCO3 on 

the properties of cement/geopolymer concrete 
[2](JA Abdalla et. al. 2022) 

The effect of Nano-cement content to the compressive strength of 

mortar 
[3](P. Sabdonoa, F. Sustiawana, and DA Fadlillaha. 2014) 

Engineering of SiO2 Nanoparticles for Optimal Performance in Nano 

Cement-Based Materials 
[4](K. Sobolev et. al. 2009) 

Microstructure and Nanoscaled Characterization of HVFA Cement 

Paste Containing Nano-SiO2 and Nano-CaCO3 
[8](FUA Shaikh, SWM Supit, and S. Barbhuiya. 2017) 

Effect of Nano-silica addition into high volume fly ash–hydrated lime 

blended concrete 
[9](C. Gunasekara. et. al. 2020) 

Effect of Nano Flyash on Strength of Concrete [10](PA G and JCM 2011) 

Effect of Nano-Clay on Mechanical Properties and Microstructure of 

Ordinary Portland Cement Mortar Green Building Cladding/Plastering 

Materials View Project Durability of FRP Composites View Project. 
[7](M. Morsy, S. Alsayed, and M. Aqel. 2010) 

Application of Nano-Silica in Cement Mortar and Concrete. Smart 

Nanoconcretes and Cement-Based Materials: Properties, Modeling and 

Applications. 

[11](S. Gupta. 2019) 

Study on Strength and Durability Characteristics of Nano-Silica Based 

Blended Concrete. 
[5](VV Praveen Kumar and S. Dey. 2022) 

Comparison of the Properties between High-Volume Fly Ash Concrete 

and High-Volume Steel Slag Concrete under Temperature Matching 

Curing Conditions. 

[16] (Mengxiao, Shi, Wang Qiang, and Zhou Zhikai. 2015) 

The Effect of Nano-Cement Content to the Compressive Strength of 

Mortor. 
[3](P. Sabdonoa, F. Sustiawana, and DA Fadlillaha. 2019) 

Working Mechanism of Nano-SiO2 Sol to Alleviate the Strength 

Decline of Oil Well Cement under High Temperature. 

[6](C. Wang, X. Chen, W. Zhou, Y. Wang, Y. Xue, and F. 

Luo. 2019) 
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Literature review is a method applied to journal analysis 

that refers to previous journals and relates to the title used, 

namely Nanocement (NC) Research and Applications of 

Nanotechnology in Concrete Mixtures. The partially adopted 

journals are research journals conducted in 2009-2022. The 

data obtained is the method of making and mixing Nano 

Cement (NC) and the characteristics of the results of adding 

Nano Cement (NC). This study was reviewed to find out the 

results of each study regarding the application of the Nano 

Cement (NC) addition method to concrete. 

The incoming sources used in conducting this Literature 

Review are data from national and international journals with 

the help of publish and perish applications based on Google 

Scholar data. The processing of data related to the research 

title. 

This analysis will produce analysts who will be the 

results of the research discussion and then conclusions will be 

drawn from the results of the discussion. 

Then data analysis was carried out in the form of 

implementation methods for making Nano Cement (NC) and 

comparing the results of the durability and workability of 

adding Nano Cement (NC) to concrete from the journal. 

Nano Cement Manufacturing Method 

Outcomes of this research are methods for fabricating 

nanomaterials using plasma arc, flame pyrolysis, chemical 

vapor deposition, electrodeposition, sol-gel synthesis, 

mechanical friction and using natural Nanosystems [13]. In 

chemical technology, sol-gel synthesis is a bottom-up 

production method widely used for nanoscale materials such 

as Nanoscale silica. The process involves the formation of a 

colloidal suspension (sol) and gelation of the sol to form a 

network in the continuous gel phase. Typically, 

trimethylethoxysilane or tetraethoxysilane (TMOS/TEOS) are 

used to synthesize Nanosilica. 

The equation in the journal using X-Ray Diffraction 

(XRD) functions as an identification of the characteristics of 

the chemical composition contained in the Nano sample so 

that it can classify the type of Nano used in the study. 

Scanning Electron Microscopy (SEM) is used to analyze 

the surface of the particles in order to obtain changes in the 

Nano and analyze the phase elements observed in the Nano 

structure. Furthermore, this Nano material is added to the test 

object in order to see its compressive strength. 

Table 2: Percentage of use of Nano Cement and its compressive strength 

Authors Nano cement percentage 
The percentage of other 

added ingredients 

Compressive 

Strength 

(28 days) 

units 

[2](JA Abdulla et. al. 2022) 0%: 0.1%: 0.25% 
Nano-CaCO3 1% 

24 

 

N/mm2 

[12](DA Fadlillah. et. al. 2014) 20%; 40%; 60% 
PPC Cement 20% 

56,570 N/mm2 

[14](FUA Shaikh and SWM Supit. 2014) 1.5% ; 1.7% ; 2.0% Nano- CaCO3 8% 75.8 N/mm2 

[15](M. Solikin and B. Setiawan. 2017) 1% ; 8% Nano-SiO2 20% 48 N/mm2 

[16](S. Mengxiao, W. Qiang, and Z. Zhikai. 

2015) 
35% AI2O3 6.33% 42.5 N/mm2 

[17](M. Oltulu and R. Şahin. 2013) 8.3%;1.6%;4.3% Nano-Fe2O3 3.28% 49,54 N/mm2 

[18](HD Raghavendra Prasad and N. Sitaram. 

2020) 
0%;0.01%;0.025%;0.05% 

Multi-walled Carbon 

Nano Tubes 0.6% 
28.5 N/mm2 

[19](NB Singh, M. Kalra, and SK Saxena, 

2017) 
0.045% Nano-Silica 2% 26,69 N/mm2 

[20](BW Jo, S. Chakraborty, and H. Kim, 

2015) 
1.7%;1.4%;0.9% Nano-Fiber 2% 34,8 N/mm2 

[21](H. Yang et al., 2021) 3%1.8% Nano-Silica 1% 25 N/mm2 

[22](AS Kadhim, AA Atiyah, and SA Salih, 

2020) 
0.36%; 3.14%; 6.85% 

Nano-Cement Kiln Dust 

1.3% 
31.01 N/mm2 

[23](M. Kooshafar and H. Madani, 2020) 1%;3%;5%;7% Nano-Silica 6.25% 57,23 N/mm2 
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III. RESULTS AND DISCUSSION 

The researchers found that tests conducted in several 

journals had different levels of maximum compressive 

strength. This happens because the application makes a 

different test object, namely by making a concrete test object, 

so the composition of the material used is also different, then 

by adding the same Nano Cement (NC) content to make a test 

object with maximum durability. The compressive strength of 

concrete in this study achieves a better maximum value, but 

[24](Z. Ren et al, 2021) 2%;0.5% Nano-TiO2 2% 43.88 N/mm2 

[25](A. Khaloo, MH Mobini, and P. Hosseini, 

2016) 
1.5%;0.75% Nano-SiO2 5% 33,2 N/mm2 

[26](A. Naji et. al, 2010) 0.5%; 1%; 1.5%; 2% Nano-SiO2 2.25% 30 N/mm2 

[27](F. Sanchez and K. Sobolev, 2010) 3%; 5% Nano-AI2O3 5% 36,4 N/mm2 

[28](A. Nazari and S. Riahi, 2010) 1%; 2% Nano-TiO2 4% 35,2 N/mm2 

[29](H. Eskandari, M. Vaghefi, and K. 

Kowsari, 2015) 
5%; 8% Nano- Silica 2% 41,4 N/mm2 

[30](H. Du, S. Du, and X. Liu, 2015) 2.6%; 5.6% Nano-SiO2 2% 52 N/mm2 

[31](N. Farzadnia, et. al, 2015) 3%; 7% Nano-Silica 1% 41.8 N/mm2 

[32](R. Chinthakunta, et. al, 2021) 3%; 5% Silica Fume 10% 58 N/mm2 

[33](P. Aggarwal, RP Singh, and Y. Aggarwal, 

2015) 
7% Nano- Silica 5% 52 N/mm2 

[34](E.Science, 2022) 0.2% Nano Clay 3% 25 N/mm2 

[35](D. Prasad, S. Singla, and R. Garg, 2021) 1%; 2%; 3% Nano Silica 2% 45 N/mm2 

[36](AN Saleh, et. al, 2021) 1%; 2% Nano-SiO2 2% 35 N/mm2 

[37](BB Mukharjee and S. V Barai, 2014) 3% Nano Silica 3% 40 N/mm2 

[38] (C. Herath, C. Gunasekara, D. W. Law, 

and S. Setunge, 2021) 

- 

 

Nano Silica 1%;2%;3%  

 
41,1 N/mm2 

[39] (S. A. Khafaga, 2019)  -  Nano- SiO2 2%;5%  43,05 N/mm2 

[40] (S. Du, Y. Ge, and X. Shi, 2019)  - Nano-Al2O3 3,97%  45 N/mm2 

[41] (M. Adamu, B. S. Mohammed, and M. 

Shahir Liew, 2018)  
- Nano-Silica 2,5%  43,13 N/mm2 

[42] (M. Adamu, et. al, 2022)  - Nano-Silica 1%;2%  34 N/mm2 

[43] (L. G. Li, J. Y. Zheng, P. L. Ng, and A. K. 

H. Kwan,2020)  
- Nano-Silica 2,4%;4,8%  42 N/mm2 

[44] (R. Kancharla, et. al, 2021)  0,5%  Nano-Silica 1%;5%  40,7 N/mm2 

[45] (P. Xu, R. Shi, et. al, 2021)  1% Nano-SiO2 0,5%;1,5%  45 N/mm2 

[46] (J. W. Park, K. H. Kim, and K. Y. Ann, 

2016)  
- 

Magnesia (MgO)  

4,1%;3,3%;0,5%  
42 N/mm2 

[47] ( J. O. Okeniyi, A. P. I. Popoola, and E. T. 

Okeniyi, 2018)  
0,075%  

Nano-Li2CO3 

0,1%;0,125  
40  N/mm2 

[48] (T. Wang et al., 2021)  1% Nano-CaCO3 2%  42,5  N/mm2 

[49] (S. Srikanth et al., 2021)  - Nano-GGBS 30%;60%  82  N/mm2 

[50] (P. Zhang, et. al., 2014)  5% - 36,5  N/mm2 

[51] ( M. Adamu, B. S. Mohammed, N. Shafiq, 

and M. S. Liew, 2020)  
- Nano-Silica 3%;1%  42,5  N/mm2 

[52] ( Z. Zhou, M. Sofi, J. Liu, S. Li, A. Zhong, 

and P. Mendis, 2021) 
- Nano C-S-H 4%;2%  39  N/mm2 

[53] ( J. Sun, X. Shen, G. Tan, and J. E. Tanner, 

2019)  
- Nano-SiO2 2%  40,5  N/mm2 

[54] (S. S. Sankaranarayannan and J. R. 

Jagadesan, 2018)  
- Nano-SiO2 2,4%  

35  

 
N/mm2 
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Nano Cement (NC) concrete has a higher density value 

because it has a denser pore density and the denser the pores, 

the higher the durability 

IV. CONCLUSION 

The conclusions that can be drawn from this literature 

review are how Nano Cement (NC) works and how to add 

Nano cement replacement technology to concrete for 

durability and resistance. In the manufacture of nanoparticles, 

the characteristics are obtained by using a Scanning Electron 

Miroscopy (SEM) tool to identify the surface characteristics of 

the nanoparticles. 

Based on several studies conducted in the literature study, 

it was found that the use of basic materials for Nano Cement, 

with a large percentage of Nano cement, namely 20%, 40%, 

60%, and 80% with compressive strength results of 53 MPa, 

56,862 MPa, 57,445 MPa, respectively and 58.644 MPa [12]. 

From these results, not only using a mixture of Nano cement, 

there are other mixed ingredients including Nano CaCO3, 

Nano SiO2, Nano Silica Fume, Nano TiO2, Nano-Fe2O3, Nano 

Multi-walled Carbon Nano Tubes , Multi-walled Carbon Nano 

Tubes, Nano clay, and Nano-Fiber. The percentage of Nano 

CaCO3 is 8% with a compressive strength of 75.8 MPa, the 

percentage of Nano SiO2 is 2.25% with a compressive strength 

of 30 MPa, the percentage of Nano silica Fume is 10% with a 

compressive strength of 58 MPa, Nano TiO2 is 4% with a 

compressive strength of 35.2 MPa, Nano Fe2O3 which is 

3.28% with a compressive strength of 49.54 MPa, Nano Al2O3 

which is 5% with a compressive strength of 36.4 MPa, Multi-

walled Carbon Nano Tubes which is 0.6% with a compressive 

strength of 28.5 MPa , Nanoclay which is 3% with a 

compressive strength of 25 MPa, and Nano fiber with 3% has 

a compressive strength of 38.4 MPa. With these results, the 

most economical review is obtained with research on Nano-

based mixtures, which have a percentage of 0.6% [18]. And 

the results of this review also get the results from the journal 

which has the highest compressive strength with a 

compressive strength of 75.8 MPa with a percentage ratio of 

mixed materials other than Nano cement, Nano CaCO3 (8%) 

[14]. 

This, in this literature review, it does not only utilize 

Nano-cement admixtures, but uses a variety of other 

admixtures that have a role in the proportion of the mix to 

obtain the strength and durability of the concrete test object. 
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