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Abstract
India is the agricultural dominated country where 75% if its population depends upon the agriculture for production of wheat, 

groundnut, mustard, cotton Tea, Coffee, pulses, soya and Jute. According to the central organization of oil trade (COOTI), 89.5 lakh 
ton mustard seed was produced during 2020-2021.The Mustard Husk residue easily available in the states which are producing 
Mustard crop. The mustard seed cellulose after extracting the oil used as the cattle feed supplement which increase the milk extent. 
The Mustard husk use as the industry fuel for heating the water in boilers for power generation. Agricultural wastes like mustard 
husk, rice husk, Palm husk and fly husk have the excellent raw material for producing the silica (SiO2). Silica is the Major constituent 
of Mustard husk ash(MHA) by which it is very become economical for producing silica from MHA. Here we are producing the silica 
by Citric acid leaching process of mustard husk ash at optimum conditions 800 ˚C and 50 minutes of reaction time & concentration 
of citric acid above 2%. The produce silica has more than 80-85% purity. 
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Introduction
Silica is the essential material & important inorganic versatile 

substance found in crystalline and amorphous forms. The Silica is 
the amplest material on the earth crust. Todays, most of the silica 
was produced from quartz or sand by the extraction techniques. 
Although, production of high purity silica is energy intensified. 
Additionally, the agriculture wastes have silica as the main 
constituent after converting these into ash. The scientist is working 
on producing the silica from agriculture wastes on broad level and 
which is very essential for reuse of agriculture waste. The leaching 
process is the best process for production of silica, in the leaching 
process the substance is removed from the solid by the extraction 
of liquid. The component is diffuse in the solvent form its natural 
solid form. The leaching process depends on three parameters 
like Contact time, solvent selection and the temperature. We can 
adjust the temperature for ideal solubility and mass transfer. In 
the leaching process the strong acid also replaced by an organic 
acid because the organic acid has low dangerous constraints [1-5]. 
The scientists and researchers from different countries build up 
environment friendly process to produce silica. The production of 
mustard husk in India about fifteen million tons obtain form 

 
farmers. The burning of Mustard husk causing major health and 
pollution problem. By the using MHA as raw material for the 
production of pure Silica full fill the high demand of rubber, cable, 
footwear, cosmetic and fertilizer industries.

Mustard Crop
The history of the mustard crop very old has been developed as 

early as a 5000BC.The seed of mustard was found daro-of Harrapan 
human progress 2300-1750BC. Aryans used Brassica species as 
pulps and oil. It is very surefire that in a time of more than 3500 
years, mustard came to occupy a significant place in the eating 
regimen of Asian individuals as the wellspring of oils and vegetables. 
The crop of mustard spread to Europe, Africa, Asia, India and far 
East [6-10]. In the Asia and Indian subcontinent mustard husk ash 
used as pesticide in horticulture to protect the crop from insects, 
mustard oil used as a food item, fuel for boilers generation of 
electricity, organic manure, animal feed and fuel for bricks industry. 
the burning of mustard husk leads to high environmental pollution 
in the world wide. The mustard husk ash has 45.07% of Silica and it 
is feasible to extract silica from MHA. (Figures 1 & 2)
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Figure 1: Mustard husk.

Figure 2: Mustard crop.

Experimental Procedure
Leaching process 

The MHA was used as the raw material for production of silica, 
collect from the local agriculture farmhouse. The perpetration of 
Citric acid solution was done at room temperature by dissolved 
the powder of citric acid. The mesh size 200 of MHA powder 10 to 
25gm put into the 500ml citric acid solution in a beaker. As chelate 
reaction starts, the metallic impurities depend on the concentration, 
temperature of solution and the mixing time in solution taking 
as parameters. The mixing ratio of citric acid powder and water 
change from 1 to 6%. Now the beaker was placed on the hot plate 
and temperature changes from 25 to 80 ˚C and time from 25 to 90 
mints. The washing process of MHA was done with the distilled 
water at ambient temperature for removing the citric acid content 

of ash. The material was dried at 60 ˚C for 60 mints in a furnace 
after that combusted at 800 ˚C for 30 mints in tube furnace.

Result And Discussion
The leaching agents like HCl, H2SO4 and HNO3 used with 

combination of H2O2 for improving the leaching performance. In the 
hydrometallurgy these leaching agents are mostly used (Figures 3 
& 4). The leaching agents caused environmental pollution, so these 
are used at optimum conditions. The mustard husk was converted 
to ash by heating in muffle furnace at 600 ˚C for 60 mints. After 
that the resulting powder was sieved at 200 mesh size powder was 
separated. The EDX spectrum of MHA in (Figures 5 & 6) shows 
presence of silica, alumina and minerals likes wollastonite and 
feldspar. (Figure 7) XRD). In the XRD the peak was observed at 30 
˚C and shows different phased present in MHA. The presence of also 
shows peak value. And the low peak value shows the presence of 
alumina wollastonite etc. Table 1

Table 1: Composition of MHA.

Elements Standard form of elements Weight %

O SiO2 46.07

Mg MgO 4.48

Al Al2O3 7.94

Si SiO2 18.73

S FeS2 1.88

Cl KCl 2.96

K MAD-10 Feldspar 5.07

Ca Wollastonite 12.87

Figure 3: Mustard husk.
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Figure 4: Mustard husk ash Mesh size 200.

Figure 5: SEM image, MHA.

Figure 6: EDS,MHA.

Figure 7: XRD.

Effect Of Acid Concentration
The content of SiO2 depends on the concentration of acid. 

The purity of the silica in the MHA increases upto 92% when 
the concentration of citric acid is 2% and more. The impurities 
also reduce as accumulation % of the solution increase. So Al2O3 
removed from MHA by leaching more the 2% solution. The MgO 
content from MHA also decrease up to zero with the concentration 
above 3%. This is very clear that leaching treatment is very useful 
for removing the impurities and enhance the purity of Silica in MHA. 
The leaching agents have the carboxyl groups donating protons 
(H+) and negative carboxyl groups forms the stable complexes with 
metal ions. The impurities removed by the reaction of carboxyl 
groups (-CHOOH) and the metal elements. Table 2

Table 2: the leaching effect on MHA at various concentrations.

Acid accumulation % SiO2 Al2O3 MgO KCl Fe2S Ca

MHA 45.6 6.4 3.8 22.5 3.5 13.2

1 66.7 - 5.8 12 4 7

2 89 - 1 4.8 2.6 1.4

3 92 - - 3.6 2.2 1.2

4 92 - - 3.5 3 0.9

5 92 - - 3.3 2.9 0.8

6 92 - - 2.96 1.88 1

Effect Of Temperature
The impurities and purification of Silica from MHA depends 

on the temperature also in a such a way that if we increase the 
temperature up to 80 ˚C the purity of silica increase to 92%. At the 
temperature 25 ˚C the impurities Al, K and at 80 ˚C MgO removed 
from MHA at 2% & 3% citric acid concentration respectively .the 
remaining elements like K ,Ca and Fe discharge into the acid solution 
during the leaching process. By increasing the temperature, the 
speed of leaching process increase. The leaching process at the 
higher temperature effect on citric acid due to their low boiling 
point temperature. At high temperature the vaporization take 
places leads to decrease the solubility of reaction and slight effect 
of corrosion. Table 3
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Table 3: Leaching process effect at various temperatures.

Temperature of the solution (˚C)  SiO2 Al2O3 MgO KCl Fe2S Ca

MHA  45.6 6.4 3.8 22.5 3.5 13.2

25 3% 85 - 1.9 5 2.92 1.2

60 3% 89.5 - 1.4 4.6 3 0.9

80 3% 92 - - 3.4 2.1 1.05

95 3% 92.5 - - 3.4 1.8 1

25 2% 84 - 2.5 5.9 2.85 1.6

60 2% 86 - 1.9 4.8 3.1 1.2

80 2% 90 - 0.9 4.3 2.4 1.3

95 2% 86 - 0.95 4.6 2.6 1.35

Effect Of Reaction Time

The time also plays a very important role in the leaching process. 
After the reaction of 25 mints the content of silica increases from 

45.60% to 85% [11-15]. If we increase the temperature 25 to 50 
mints the content of silica increases up to 92%. However, there is 
no optimum increase in silica purity more than 50 mints reaction. 
Table 4

Table 4: Effect of time on leaching process.

Reaction Time mints SiO2 Al2O3 MgO KCl Fe2S Ca

MHA 45.6 6.4 3.8 22.5 3.5 13.2

25 85 - 2 5.5 2.5 1.5

50 92 - - 3.8 2 1.1

90 92 - - 3.1 2.1 1

120 93 - - 3 2.3 0.9

180 92.5 - - 2.5 2.5 0.8

Applications Of Silica
There are various applications in of silica in India. The Silica 

is broadly divided into rubber and non-rubber grades. Some 
applications are listed below

1. Raw material for Tires.

2. Act as a shield compound for cables.

3. Raw material for Silicon rubber.

4. Use in toothpaste as cleaning agent.

5. To enhance the mechanical properties of PVC plastics.

6. Constituent for adhesive bonding.

7. Use in footwear soles.

8. Act as dehumidifying agents.

9. Used as silica gel for thermal insulation

10. Use in cosmetics.

Conclusion
 The production of mustard crop in India is 17.19 %, soybean, 

rapeseed –mustard and groundnut are the major oilseed corps 

in India contributing 84% to 88%. The mustard husk is not a 
waste material but is also a good source of silica production. The 
production of silica by this method, waste disposal problem MHA 
is eliminated. The produce silica has many applications rubber 
products, paper and composites. Silica is also used as catalyst in the 
chemical industry and production of silicon also [15-20].
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