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Abstract: Clay was the first binding material in the world. 

Then day by day research lime comes in the picture after 

that cement and concrete is widely used in construction. 

Now a days requirement of various material are increase 

because of more consumption of concrete.so there is need 

for researches to obtain alternate materials with good 

properties, environmental friendly and economic. Another 

way is to use waste material in cement concrete so that 

conventional material can be saved. During the production 

of cement huge amount of carbon dioxide gas release in 

atmosphere. Carbon dioxide is a greenhouse gas it lead to 

global warming. Silica fume is the industrial waste.by using 

of silica fume into the normal concrete desirable properties 

can be achieved. This paper review use of silica fume as 

replacement material of cement for manufacturing 

sustainable concrete.  
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1. Introduction 

The concrete making processes have undergone a radical 

change; hence the supplementary cementations materials play 

an important role to develop strength as well as other special 

properties. The cost of concrete include the cost of materials, 

plant, labor and other cost. From all the material cement has 

high cost so if we replace cement by silicafume the overall 

cost of concrete is minimize. Silica fume is also known as 

micro silica. It is generally in powder form. Silica fume is a 

waste material generated from the manufacture of silicon 

alloys. When there is carbothermic reduction of good quality 

quartz with carbonaceous materials silica fume is originate.  

This process is done in electric arc furnaces. Silica fume is 

spherical particles and the average diameter of this particle is 

less than 1 μm, the average particle size is near 0.15μm. Some 

photos of silicafume are shown below.  Physical properties of 

silicafume are given in table 1 and chemical properties of 

silicafume is given in table no 2. Fig 1 shows the silica fume. 

   
 

Fig 1: Silica fume 

                                                                

Table 1: Physical properties of silicafume 

Parameters Values 

Colour Dark Gray 

Particle shape Spherical 

Particle size Less than 1 

micron 

Average particle 

size 

0.15 micron 

Bulk density 130 kg/m3 to 

600 kg/m3 

Specific gravity  2.2 to 2.3 

Sources: Ajay Bidare; Vinay Dhakad [2] 

 

Table 2: Chemical properties of silica fume 

Properties  Observed value 

Sio2 90-96% 

Al2O3 0.6-3.0% 

Fe2O3 0.3-0.8% 

MgO 0.4-1.5% 

CaO 0.1-0.6% 

Na2O 0.3-0.7% 

K2O 0.04-1.0% 

C 0.5-1.4% 

S 0.1-2.5% 

Loss of ignition(C+S) 0.7-2.5% 

Sources: Ajay Bidare; Vinay Dhakad [2] 

 

2. Applications of silicafume 

The application of silica fume are as follows: 

 Fill material: 

Silicafume is to reduce porosity because particle of 

silicafume is very small, so it use as filling material in 

concrete to reduce porosity  

 Water adsorption agent: 

Silicafume has very large surface area. There are more 

water require for wetting the particle of very large surface 

area. Excessive water from concrete adsorb by silicafume. 

 Strength increment:  

In concrete silica is generally stands for strength of 

concrete. In silicafume silica has around 90 to 95%, so it helps 

in increase in strength of concrete. 

 

3. Literature review 

Literature review is the core of the review paper. Following 

are some literature review from various national and 

international journals on use of silica fume in concrete in 

different ways. 
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Amudhavalli et al. (2012) carried out an experiment to use of 

silicafume as partial replacement of cement in concrete. Take 

M35 grade of concrete and carried out compressive test, 

Flexural strength and elasticity at 7 and 28 days. They replace 

cement particle by 0%, 5%, 10%, 15% and 20% with silica 

fume. They observed that Silica fume in concrete improves 

quality and solidness perspective. [1] 

 

Verma Ajay et al. (2012) studied about pozzolonic effect of 

silica fume. Generally there are two product are generate 

when water is add in to cement as shown in equation. 

Ordinary Portland Cement (OPC) + H2O → Calcium silicate 

hydrate (CSH gel) + Ca (OH)2………...(1) 

Ca(OH)2 + SiO2 → H2O + CSH………………………...(2) 

 

In the first process (equation no.1) ordinary Portland cement 

(OPC) react with water and produce Calcium silicate hydrate 

(CSH gel) In second process (equation no. 2) sio2 is from the 

ORISIL silica fume. Due to this process amount of Ca(OH)2 is 

reduce.it is the plus point for durability of concrete because 

calcium hydroxide combined with carbon dioxide, it forms a 

soluble salt, this is the causes of  efflorescence in concrete. 

According to them if 25% cement replace by silica fume 

strength of concrete is increase. Voids in concrete also filled 

by silica fume so permeability of concrete is reduce. [10] 

 

Krishnakumar S. et al. (2013) investigated on changes in 

durability of concrete with use of silicafume. They use 

chlorine ion penetration test to determine the durability of 

concrete. For mechanical property they use compressive test. 

They replace silica fume in 0percent, 5percent, 7.5percent, 

10percent and 12.5percent in M50 grade concrete. They 

conduct Rapid chloride permeability test (RCPT) for 

permeability measurement. Size of specimen 100mm diameter 

and 50mm thickness they choose. They conclude that strength 

increasing up to a replacement ratio of 7.5 percent. This is due 

to the pozzolanic reaction. After 7.5 % strength is decreasing 

because CaO is less in silica fume as compare to cement. [7] 

Debabrata Pradhan et al. (2013) performed a study on 

workability and compressive strength of concrete after adding 

silica fume. The material they have use are ACC brand 

OPC(ordinary Portland cement) of 43 grade, Fine Aggregate 

or Natural sand, Crushed aggregate conforming to IS: 383-

1970 as coarse aggregate with average size of 12.5 mm, Super 

Plasticizer to improve the workability of concrete and 

Conplast SP 430 for high range of water reductions up to 25% 

without loss of workability and micro silica 920 D. they come 

on these conclusion that at 20% cement replacement by silica 

fume compressive strength is increase and slum value is 

decrease. Workability can increase by increasing the dose of 

super plasticizer without any change in compressive strength. 

[3] 

 

Ghutke et al. (2014) observed that quality of concrete 

increase with increase of silica fume content. Workability of 

concrete reductions with increase in percentage of silicafume. 

Ideal estimation for compressive strength is obtain at 10% 

substitution by silicafume. If silica fume is 15%, the bond 

between materials is stronger than ordinary cement. So idealy 

strength is maximum at 10% to 15% range of silica fume. [4] 

 

Hanumesh et al. (2015) studied various mechanical 

Properties of Concrete which is made by Silica Fume and 

Cement. They mainly focus on the mechanical properties of 

M20 grade of concrete. They replace cement by silica fume 

with 5%, 10%, 15% and 20%.They observed that the 

compressive strength of concrete is increase by the use of 

silicafume. Use of silicafume up to 10% effect in bond 

strength. Due to 10% of silica fume there is an increase in 

compressive strength as well as in split tensile strength. The 

optimum level of replacement is 10% for M20 grade of 

concrete. [5] 

 

K.R.S Maruthi et al. (2017) investigated to replace cement 

totally with silica fume and fly-ash. They choose fly-ash 

(80%) and Silica fume (20%), fly-ash (70%) and Silica fume 

(30%) and much more. Material used by them was Graded 

river sand (Sylhet Sand) passing through 1.18mm sieve, 

aggregate size between 12.5 mm and on 

4.75mm,StandardSilica fume and High Calcium fly ash and 

take (w/b) ratio 0.42 constant. The proportions (80%FA-

20%SF) and (70%FA-30%SF) showed greater strength results 

when compared to the others, the latter being more than all the 

other. [11] 

 

Ajay Bidare et al. (2017) studied the mechanical properties 

of cement after adding silicafume. They use of 53 grade OPC 

(Ordinary Portland cement) based on IS: 8112-1939.fine 

aggregate based on IS: 383-1978. coarce aggregate of 20mm 

maximum size, satisfying to IS: 383-1978.silica fume with 

dark grey color, specific gravity of 2.2. They study on 

behavior of concrete strength by replacing cement with silica 

fume. they replace 2.5%, 5%, 7.5%, 12.5%, 20% and 25% 

.test carried out by them on 7,14 and 28 days curing .they 

make 150x150x150mm cube for compressive strength and 

100x100x500mm cube for flexural strength. According to 

their result maximum compressive strength obtain at 15% 

replacement. Maximum flexural strength increase at round 

20%.they also observed that workability is decreasing with 

increasing in silica fume. [2] 

 

Karunesh et al. (2018) studied that use silica fume and 

recycle coarse aggregate improve strength of concrete. 

Required material which they use are cement (OPC 35). As 

fine aggregate they use the material which passes through 

4.75 mm sieve. For coarse aggregate size of 20 mm material 

was used. For recycle aggregate they take material from a 

structure which was nearly 30 years old. Silica Fume from 

Haryana was used. There experiment was on the use of 

silicafume and recycled aggregate for M45 mix concrete 

design. According to their result recycle coarse aggregate 

based concrete with about 10% replacement by silicafume 

gives higher mechanical strength with compare to normal 

recycle coarse aggregate. Recycle coarse aggregate based 

concrete with 15% replacement by silicafume not gives 

appropriate result for flexural strength. [6] 

 

The table 3 shows Literature Review and its Comparison. 

 

4. Conclusion:  

      From the study of these paper following conclusion can be 

made. 
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1) There is a noticeable change in the mechanical 

properties of concrete like flexural strength, 

compressive strength, split tensile strength.  

2) By replacement of silica fume property of concrete is 

definitely increase. The proportion may vary with 

other factor from 15% to 20%. 

3) Fully replacement of cement by silicafume is not 

possible if we remove whole cement content then we 

have to add some binder which can bind other 

material. 

4) If we can remove cement, amount the carbon 

percentage emit by cement in environment can 

reduce 5% of total carbon generation. 
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Table 3: Literature Review and its Comparison 

Sr. 

No. 

Author Name (year) Design mix / 

Grade of 

Concrete 

Test carried out by 

various author 

 

 

Optimum 

percentages 

replacement 

 

Increment in 

compressive 

test 

1 Amudhavalli 

(2012) 

M35 Compressive Test, Splite 

Tensile Test, Flexural 

Test 

15% to 20% 10% 

2 Verma Ajay 

(2012) 

M20 Compressive Test, Splite 

Tensile Test. 

- 25% 

3 Krishnakumar S. 

(2013) 

M50 Compressive Test, Splite 

Tensile Test, Flexural 

Test, Chloride Iron 

Penetration 

7.50% 15% 

4 Debabrata Pradhan 

(2013) 

1:1.56:3.4 Compressive Test, 

Flexural Test 

20% 20.40% 

5 Ghutke 

(2014) 

M20 Compressive Test, Splite 

Tensile Test. 

10% to 15% - 

6 Hanumesh 

(2015) 

M20 Compressive Test, Splite 

Tensile Test. 

10% - 

7 K.R.S Maruthi 

(2017) 

- Compressive Test, Splite 

Tensile Test. 

- - 

8 Ajay Bidare 

(2017) 

M25 

 

Splite  Tensile Test, 

Flexural Test 

15% 

 

26.85% 

 

9 Vijender Thakur 

(2018) 

M45 Compressive Test, 

Flexural Test 

10% to 15% - 

 


