
                                                                                                                  

 

Abstract—Silica gel was prepared by using alkaline 

extraction and acid neutralization method from ash obtained 

wheat straw, an agricultural waste. Microwave digestion, 

followed by calcination was used for obtaining ash. X-ray 

diffractometry (XRD) and Fourier transform infrared 

spectroscopy (FTIR) studies revealed the ash to be mostly 

amorphous silica. Alkaline-solubilization and acid-

neutralization method was used to obtain gel from silica 

obtained from wheat straw. 

Gel was characterized using FTIR. Nitration reaction of 

benzaldehyde using the silica gel (as acid catalyst) and copper 

nitrate was successfully carried out. 

 
Index Terms—Wheat straw, amorphous silica, silica gel, 

nitration. 

 

I.   INTRODUCTION 

Utilization of waste including agricultural waste is need 

of the hour. One of the major agricultural wastes is wheat 

straw. About 600 million tons of wheat is produced around 

the world annually [1]. Dry stalks of wheat plant after 

removal of grains are known as wheat straw. It contains in 

carbon, oxygen, potassium, silica, and low levels of 

aluminum, magnesium, sodium phosphorous, and sulphur 

[2]. 

 
TABLE I: CHEMICAL COMPOSITION OF WHEAT STRAW [3], [4] 

Components                                           Percentage (%)  

Dry matter                                                89 to 94 

Acid detergent fiber                                            54 

Cellulose                                                  33.5 to 40 

Hemicellulose                                               21 to 26 

Lignin                                                        11 to 23 

Ash                                                            7 to 9.9 

Silica and silicates                                           4.5 to 5.5 

Crude protein                                                     3.6 

Calcium                                                          0.2 

Phosphorus                                                       0.05 

 

Wheat straw and wheat husk are being used also as fuel 

due to their high calorific value. Wheat husk ash contains 

10-12% silica in complex form and 80-90% silica in 

amorphous form [5].  

Silica in its amorphous form has huge industrial 

applications. It can be used in coatings, detergents, rubber 

industry, plastics manufacturing, electronics, abrasives,  

refractory, and optics and also used as a catalyst in organic 

reactions [6]. Silica gel has been widely used in 
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pharmaceuticals and industrial applications like purification 

and dehydration of hazardous gases in industry, 

desulphurization of motor oil, petroleum refining, 

distillations, oil hydrogenation process, use as a catalyst in 

sulphuric acid production and also use as a grain drying 

absorbent [7]. 

     Generally, silica gel is prepared from commercially 

available sodium silicate. The manufacturing process of 

sodium silicate from quartz sand with calcium carbonate is 

very expensive due to high temperature requirement [8], [9]. 

Silica gel prepared from rise husk ash has been reported 

by many authors [10]-[12]. ‘Nayak et al.’ successfully 

produced humidity indicating silica gel from rice husk ash 

using alkaline-solubilization and acidic neutralization 

methods [13]-[16]. 

In the present work, silica gel was prepared from 

agricultural waste – wheat straw. Alkaline-solubilization 

and acid-neutralization method was used to obtain gel from 

silica obtained from wheat straw. The methods and 

materials were explained as below. 

 

                       II.   MATERIALS AND METHODS 

A. Materials 

Wheat straw (collected from local agricultural field), 1N 

sodium hydroxide (Merck), 1N Hydrochloric acid. 

(QualiKems). 

B.  Methods 

Wheat straw was treated with hydrochloric acid in a 

microwave digester. Acid treated product after removal of 

excess acid was calcined 550°C.  Fine white powder was 

obtained after calcination.  

Ash obtained after calcination was characterized by XRD 

and FTIR. 

The obtain gel, each time about 1g of the white powder 

(ash) was taken in round bottom flask and treated with 

100ml of 1N NaOH solution. Mixture was refluxed for 1hr 

with constant stirring.  

After bringing down the reaction mixture to room 

temperature it was filtered using Whatman no.42 to remove 

solid residue. Hardly any residue was noticed over the filter 

paper. 

Filtrate was treated with 1N HCl. It was added drop wise 

to maintain pH above 7. Precipitation occurred and a gel 

was formed. Gel formation was observed only when the pH 

of the mixture was between 7 and 10. 

The suspension was centrifuged for 15min at 4000rpm to 

remove excess liquid. The semi-solid (gel) mass obtained 

after decantation was characterized by FTIR. 

Preparation and Characterization of Silica Gel from 

Wheat Straw 

Khushbu G. Patel, Nirendra M. Misra, and Rakshith R. Shettigar
 

International Journal of Chemical Engineering and Applications, Vol. 7, No. 5, October 2016

344doi: 10.18178/ijcea.2016.7.5.603



                                                                                                                  

                        (a)                                                     (b) 

    

 

 

 

 

 

 

 

                                                           (c) 

Fig. 1. (a) Wheat straw (b) Silica containing white ash (c) Silica gel. 

 

C. Flow Chart of Silica Gel Production 

 

 

 
 

 

 
 

 

 
 

 

 
 

 

 

 

 

 
 

 

 
 

 

 
 

 

Fig. 2. Flow diagram of silica gel preparation from wheat straw. 
 

Wheat straw which collected from local agricultural field 

was digesting in microwave digester for 10-15 minutes than 

charred product calcined in muffle furnace at 550°C for 4hrs, 

obtained white powder characterized by XRD and FTIR. 

This white powder treated with NaOH reflux for 1hr. After 

acid-neutralization method, the gel was obtained after few 

minutes. After centrifuge process silica gel was obtained. 

The product was characterized by XRD and FTIR. 

                               III.  RESULT AND DISCUSSION 

A.   Reaction Mechanism 

Following reaction takes place between SiO2 and NaOH, 

[14]-[16]. 

 

SiO2 + 2 NaOH                                   Na2SiO3 +H2O  

(White      (Sodium                              (sodium     (water) 

Ash)         hydroxide)                          silicate) 

 

Sodium silicate upon treatment with HCl forms silica gel, 

Na2SiO3   +   HCl                             SiO2 +NaCl + H2O 

(Sodium       (Hydrochloric          (Silica) (sodium (Water)                        

 Silicate)        acid)                                   chloride) 

B.  Characterization of Silica Containing White Ash and 

Silica Gel 

X-ray diffractogram (Pananalytical, model – Xpert Pro) 

of white powder white powder, obtained after calcination, 

gave a wide band at 2θ = 22° which clearly indicate that the 

material was amorphous in nature. 

 

 
Fig. 3. XRD of silica containing white ash. 

 

The material of silica containing white powder and the 

gel was characterized by PerkinElmer Spectrum Version 

10.4.2 FTIR (Furrier transformer infrared technology). 

 
Fig. 4. FTIR of wheat straw. 

 

Fig. 4 shows presence of large amount of silica was 

present in surface of wheat straw with wave number 

1057.09cm-1. The wave number 3355.8cm
-1

 indicates –OH 
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was present on surface of wheat straw. The cellulose and 

lignin are in the inner and middle layer of wheat straw gives 

a wave number in between 1600cm
-1

 to 1000cm
-1

 The FTIR 

spectrum in Fig. 5 shows that the IR bands at 794cm
-1

 and 

1080cm
-1 

can be indicated to the asymmetric and symmetric 

stretching vibrations of the Si-O-Si linkages of the SiO2 

framework. 

 
Fig. 5. FTIR of silica containing white ash. 

 

Fig. 6. FTIR of silica gel. 

 

Strong and broad absorbance O-H stretching band is seen 

at wave number of 3350.6 cm
-1

 in Fig. 6. A weaker O-H 

bending vibration band is seen at 1638 cm
-1

. The Si-O-Si 

vibration gives the strong band at 1071 cm
-1 

is clearly 

indicating silica gel formation [17], [18]. 

C.  Application 

Silica gel finds numerous applications as adsorbent in 

chromatographic separation, a mediator, reagent and 

catalyst in organic synthesis [19]-[25]. ‘Khouzani et al.’ 

used silica gel as catalyst in synthesis of quinopthalone by 

using microwave irradiation under solvent free condition 

[26]. Malekil et al. used highly efficient and heterogeneous, 

sulfuric acid immobilized silica gel catalyst for one pot 

synthesis of imidazole derivatives [27]. Silica gel has been 

used in cyclization reactions of  hetroaromatic compound 

[28]. 

In the present work, silica gel obtained from wheat straw 

was used for a nitration reaction without using nitric acid. 

‘Hosseini-Sarvari et al.’ have successfully discovered a 

novel method for nitration of phenols, aldehydes and other 

aromatic compounds in the presence of alumina sulfuric 

acid (ASA) as a 2.6H2O as a nitrating 

agent in neat water as a solvent (Scheme 1). With this 

protocol nitrated products were obtained in excellent yields 

[29]. 

In the application of silica gel, we using 1 mmol cuprous 

nitrate as a nitrating agent were added in 1mmol 

benzaldehyde, silica gel was adding as mild acid catalyst 

and 1ml water use as a solvent [30]. The reaction mixture 

kept under the microwave reactor at 80°C for 10min.The 

most probable reaction mechanism is show in Scheme 2. 

 

 
Scheme 1. Nitration of aromatic compounds catalyzed by ASA. 

 

 

 
Scheme 2. Nitration of aldehydes compound catalyzed by wheat straw- 

silica gel. 

 

The reaction was monitored by thin layer 

chromatography and FTIR spectrum of product in Fig. 7.  

Thin layer chromatography shows two yellowish spots of 

product and starting material was absent, it’s conform that 

reaction was gone successfully and excellent yield was 

obtained. FTIR study also shows that reaction goes 

successfully and good yield was obtained.  

 

 
Fig. 7. FTIR of product nitro benzaldehyde.

 

                                IV.   CONCLUSION 

The study showed that amorphous silica of high purity 

can be obtained from an agricultural waste- wheat straw. 

This silica can also be used to prepare silica gel through 

microwave assisted reaction in a short span of time. In one 

of the applications of silica-gel it was demonstrated that 

nitration of benzaldehyde is possible without nitration 

mixture (HNO3 and H2SO4), through microwave assisted 

reaction. Silica gel obtained from wheat straw is an effective 

green catalyst. 
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