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Abstract Rice husk ash (RHA) is the major by-

product left after the burning of rice husk, which is

profusely present throughout the process of the rice

milling. The burnt rice husk, as RHA, in turn causes

more environmental pollution and its disposal

becomes a difficult problem, hence requiring serious

attention from the scientific community regarding its

disposal and proper reuse if possible. The major

economic reason for recycling the ash is the value

added products which can be generated from it. The

focus is on the use of RHA as adsorbent and

subsequent silica production owing to the fact that

the ash is mainly composed of carbon and silica. As

regards other potential applications of ash, research is

still going on and some of the products, which are

under development phase, have also been brought to

limelight in this review. This literature review pro-

vides an effective scheme to utilize RHA and

discussed process pathway for economically valuable

products to provide a solution to the problem associ-

ated with its proper disposal through superior recycle

of this agriculture waste.

Keywords Rice husk ash � Silica � Adsorbent �
Catalyst � Agricultural waste

1 Introduction

Rice is the principal source of food for billions of

people worldwide, and its cultivation covers about 1 %

of the earth’s surface, with the yearly global production

around 600 million tonnes presently. According to the

statistical data of FAO, in the year 2010, rice produc-

tion was approximately 697.9 million tonnes (Rice

Market Monitor 2010). For every 100 kg of rice

produced, 22 kg of rice husk is generated, making rice

husk and rice husk ash abundantly available in rice

producing areas (Rice husk ash 2011). Raw rice husk

typically composed of 35 % cellulose, 25 % hemicel-

lulose, 20 % lignin, 17 % ash (a total of 94 % silica)

and 3 % moisture by weight (Chaudhary et al. 2002).

A considerable part of this waste is used for cattle

feed but mostly it is dumped off as waste for landfill,

bedding material for animals, or otherwise burnt to

generate power for the rice mills which produces rice
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husk ash (RHA) as by product (Ayswarya et al. 2012).

Due to the presence of very hard surface, high silica

content and small bulk density, rice husk residues

become a dangerous source of pollution (Zhang et al.

2015). Depending upon the method and incineration

conditions, typically two types of ash are produced i.e.

white rice husk ash (WRHA) and black rice husk ash

(BRHA) (Tavlieva et al. 2013). RHA contains

55–97 % silica by weight, depending on the geogra-

phy where the rice is grown, which is either in

amorphous state or crystalline state (Ayswarya et al.

2012). In spite of silica being the predominant

component in RHA, trace amounts of other elements

such as potassium, magnesium, calcium and sodium

are also present (Kalapathy et al. 2000). This RHA is

mostly dumped in the open environment, which causes

severe water and land pollution and subsequent health

related problems. Water pollution and its unavailabil-

ity for the generations to come, are given the same

importance as global climate change in this twenty-

first century (Shi et al. 2010). Thus, presently, this

issue has been garnering enough attention with regard

to its proper disposal and innovative ways of utiliza-

tion of what otherwise would have been considered as

an agricultural waste.

In the last decade, a large number of studies had

addressed the issues of using the rice husk biomass

into useful commercially valuable products (Zhang

et al. 2015). The concern for environmental pollution

and conservation of resources have inspired the use of

RHA as catalyst carriers, fillers in cement, fertilizers

and production of pure silica, silica gels, geopolymers,

sand filled polymers (Soltani et al. 2015). Studies

showed that available RHA from rice mills can be

effectively used as an adsorbent for the treatment of

wastewater generated from various sources like iron

and steel plant, dye industries and even the rice mill

itself (Kumar et al. 2015). With the surge in global

activated carbon price, a search for an alternative to

commercial activated carbon is of utmost importance

(Roskill 2009). A major utilization of RHA which has

been explored is the generation of silica and subse-

quent catalysts preparation from it (Adam et al. 2012).

Silica is a valuable material having high commercial

value due to its demand for making semiconductor and

glass. Silica in spite of being the most abundant oxide

in the earth’s crust, yet it is made predominantly by

synthetic processes for its use in technological appli-

cations. Thus the use of RHA to generate silica is

worth mentioning (Kumar et al. 2015). Preparation of

silica from RHA involves different techniques and

these have been studied extensively in different

researches (Chang et al. 2006; Chen et al. 2010;

Kumar et al. 2015).

Keeping in mind the aforementioned scenario with

regards to RHA utilization, the present bibliographical

review strides to elucidate a preliminary base for the

origin, properties and potential prospects of judicial

RHA utilization and the future prospects in reference

to value added products from this agricultural waste.

This literary work has been prepared to contribute in

the analysis of past and present research works carried

out so far in the field of processing RHA to derive

values from it. This review aims in generating an up to

date scenario of the status of RHA as a potential

replacement for expensive commercial activated car-

bon and production of valuable silica from RHA. The

aim of this literature review is to familiarize the

readers with the knowledge of RHA and provide a

proper scheme for economic utilization of RHA giving

details of processes for the preparation of different

value added products.

2 Characterization and composition of RHA

Although the composition of rice husk varies with

different sample based on diverse geographic and

geological conditions, the analysis of the typical rice

husk from any rice mill reveals that it usually contains

mostly organic compounds (94.99 % by weight) and a

little amount of inorganic compounds. The organic

composition of rice husk is given in Table 1 (Sharma

et al. 1984). The difference in composition may be

attributed to the variety of paddy, the climatic

Table 1 The organic composition of typical rice husk col-

lected from rice mill (Sharma et al. 1984)

Organic constituents Weight percentage

a-Cellulose 43.30

Lignin 22.00

D-Xylose 17.52

L-Arabinose 6.53

Methylglucuronic acid 3.27

D-Galactose 2.37

Total 94.99
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condition in which it grows, fertilizer used, geography

and soil in which it grows (Chaudhary and Jollands

2004). Since 1938, it was known that rice husk

contains silica (Martin 1938), the chemical composi-

tion of rice husk has been analyzed and one such

analysis (Rao et al. 1989) is given in Table 2. The

chemical composition for rice husk from Jorhat, India

and USA is provided in the analysis. The silica present

in rice husk is in hydrated amorphous form, either opal

or silica gel (Mitchell et al. 2004).

Rice husk has scantly been utilized despite pos-

sessing such valuable chemical composition. It is

usually burned due to its high calorific value to

generate power to run the rice mill. Rice husk when

used for electricity generation instead of fossil fuel

reduces greenhouse effect by releasing CO2 trapped

plant and hence maintaining a zero CO2 addition in the

atmosphere by using biomass over the entire life cycle

(Soltani et al. 2015). Rice husk, an easily available

biomass source having lowmoisture content (8–10 %)

and decent calorific value ranging between 12.1 and

15.2 MJ/kg (Beagle 2006). The burnt off rice husk

produces ash which is very rich in silica. Typically

RHA contains more than 90 % silica, which is usually

available in crystalline form (burnt at temperature

800–1200 �C). Under controlled burning at lower

temperatures (around 500–600 �C), it forms highly

reactive amorphous silica due to its fine size and large

surface area (Le et al. 2015). The chemical composi-

tion of RHA has been tabulated in Table 3. A possible

bonding between the silicon and the four monosac-

charide molecules has been suggested by Patel et al.

(1987) and shown in Fig. 1. The variation in

composition is due to the different sources from

which rice husk has been collected. In spite of

differences in composition, the basic chemical com-

ponents of RHA are Si, MnO2, Al2O3, Fe2O3, K2O,

Na2O, CaO and MgO (Liu et al. 2011).

For the purpose of morphological study of RHA,

SEM images play a crucial role which indicate surface

structures and porosity of the sample. It also shows fine

particle size of RHAwhich is in the order of millimeter

or lesser and pores of different sizes within the particle

are also revealed by the images (Totlani et al. 2012).

Images suggest that RHA has surface which is highly

irregular and porous in nature (Naiya et al. 2009). Prior

to SEM photographs, samples are usually spluttered

with gold (Naiya et al. 2009). Figure 2a–d represents

the SEM images of RHA obtained from different

sources (An et al. 2011; Daud and Hameed 2010;

Srivastava et al. 2006; Totlani et al. 2012). The fibrous

species present among the fragments in the residues is

most likely to be cellulose which is probably degraded

and crystalline in its nature (Rosa et al. 2012). The size

of the particles is seen to decrease as the time allowed

for activation increases (Chen et al. 2011). Chemical

structure of an adsorbent is important for the under-

standing the adsorption process. Fourier infrared

transform (FTIR) study is an important tool which

gives the idea about the functional groups present in

the adsorbent and plays a vital role in adsorption of

contaminants (Totlani et al. 2012). The FTIR plots of

RHA before and after adsorption of contaminants are

given in Fig. 3a, b where RHA has been used for the

treatment of heavy metal ions (Srivastava et al. 2006),

indigo carmine dye (Lakshmi et al. 2009). An

adsorption peak in the range 3133–3568 cm-1 repre-

sents bonded hydroxyl groups which is present in the

RHA (Chatterjee et al. 2012). Peaks around

*2923 cm-1 may be due to the C–H stretching of

aliphatic carbons or due to CH2 or CH3 deformation

(Akhtar et al. 2010). The increased adsorption poten-

tial may be attributed to these stretching. Bands near

1630 cm-1 indicates the presence of nitrogenous

groups present in the RHA and the band is due to the

stretching of N–H bonds. Peaks around 1090 cm-1 are

due to C–O stretching and this indicates presence of

ester or phenol groups in the ash. Peaks around

1590 cm-1 indicates the presence if aromatics

(Sharma and Uma 2010). Typical RHA shows the

presence of these functional groups which is evident

from the FTIR graphs presented in Fig. 3a, b.

Table 2 Chemical composition of rice husk (Rao et al. 1989)

Chemical component Weight percentage in ash form

Jorhat, India USA

Si as SiO2 94.5 94.5

Ca as CaO 0.48 0.25

Mg as MgO 0.23 0.23

Al trace 0.21 1.30

Fe trace 0.62 0.54

Mn 0.11 1.09

K as K2O Trace 1.1

Na as Na2O Trace 0.78

P as P2O5 Trace 0.53

S as SO4 Trace 1.13
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3 Utilization of RHA as an adsorbent

In the past few decades, the problems related to intense

contamination of the soil, atmosphere and water has

attracted many environmentalists all over the globe

(Bhattacharya et al. 2006). A lot of resources have

been associated with the eradication of contaminants

and treatment of effluents before discharging them

into the environment. In regards to liquid waste,

several possible treatment techniques has been put to

test, which includes coagulation, flocculation, sedi-

mentation, floatation, membrane based processes,

electrochemical processes, biodegradation, chemical

oxidation, adsorption and ion exchange techniques.

All these technologies have varying success with

applicability and each one has challenged the other to

become better and more superior technique in terms of

cost, effectiveness and applicability (Foo and Hameed

2009a; Kumar et al. 2009). In regards to these

treatment techniques, adsorption process have shown

the maximum promise and turned out to be very

efficient in many cases (Daifullah et al. 2004; Doke

and Khan 2013). Thus, grew the importance of

activated carbon for its adsorptive capacity with high

surface area, porous structure, thermal stability, low

reactivity towards acid and base (Jayaranjan et al.

2014) and its capacity to remove both organic and

inorganic from aqueous medium, even from gaseous

medium (Chingombe et al. 2005). The two main basic

steps in preparing activated carbon for adsorption are

the carbonization of the carbonaceous raw material

and activation of the carbonized product. The activa-

tion can be achieved mainly by two possible ways—

physical adsorption and chemical activation. In com-

parison to physical activation, chemical activation is

more advantageous because of lower energy require-

ment for the carbonization process and formation of

activated carbon of smaller pores (de Yuso et al.

2014). The major chemicals which are used as

activating agents are ZnCl2, H3PO4, H2SO4, K2CO3,

KOH (de Yuso et al. 2014). Even though its prolific

use as an adsorbent is inevitable, problems in regard to

economy of the process and regeneration has been a

major barrier in the success of activated carbon as the

most prominent technique for effluent treatment (Foo

Table 3 Composition of rice husk ash from various sources

Composition Van

et al.

(2014)

Gastaldini

et al.

(2010)

Bhagiyalakshmi

et al. (2009)

An

et al.

(2011)

Daifullah

et al.

(2003)

Mutuk and

Mesci

(2014)

Yeletsky

et al.

(2009)

Kumar and

Gupta

(2015)

Abo-El-

Enein et al.

(2009)

Al2O3 0.4 0.28 0.13 0.606 – 0.72 0.11 1.4 0.63

CaO 0.9 0.45 1.23 0.592 0.25 0.75 1.06 2.4 1.96

Fe2O3 0.3 0.14 0.07 0.423 \0.5 0.5 0.12 0.6 0.51

K2O 3.39 1.55 0.78 1.952 1.10 2.2 2.17 1.9 2.10

MgO 0.6 0.28 0.25 0.221 0.23 0.27 0.33 2.1 0.70

MnO – – 0.33 – – – 0.08 – 0.04

Na2O 0.04 0.08 0.08 0.078 0.78 0.1 0.30 0.3 1.45

P2O5 – – 0.15 – 0.53 – – – 0.06

SiO2 87.4 90 93.20 66.12 94.5 91.2 95.79 91.3 87.5

SO3 0.4 0.02 – – 0.6 – – –

Others – – 1.9 0.25 – – 0.04 – 4.5

Fig. 1 Possible bonding of silicon with its adjacent monosac-

charide in rice husk (Patel et al. 1987)
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and Hameed 2009b). Owing to the high cost of

activated carbon in the global market (Roskill 2009),

efforts have been made by the researchers to generate

activated carbon from low cost material like bamboo,

tomato stems, orange peels, saw dust, sugar cane

bagasse, maize, chitosan by chemical activation and

heat treatment viz. carbonization (Dasgupta et al.

2015; Patel 2012; Song et al. 2015).

RHA, an agricultural waste is generated after

burning rice husk in the boiler for power generation

for rice mill. This makes RHA an abundantly available

agricultural waste which otherwise has no use than

being disposed off as landfill. Using RHA as an

adsorbent has two fold advantages—firstly it provides

a pathway to a successful yet economic solution to

global water pollution problem through treatment of

effluents by adsorption and secondly it gives a possible

solution to pollution related issues arising from RHA

disposals and prove RHA as a useful agricultural by-

product, instead of labelling it as a waste (Foo and

Hameed 2009c). Table 4 lists some of the previous

works where RHA has been used as an adsorbent. It

illustrates the adsorbate which has been adsorbed on to

activated carbon prepared from RHA, the maximum

adsorption reached and the condition at which it was

achieved. The maximum possible adsorption is repre-

sented by either as a percent of total adsorbate

adsorbed by the adsorbent or as the volume of

adsorbate adsorbed per unit mass of adsorbent (qe).

One of the earliest attempt to use RHA as an adsorbent

was by Tiwari et al. (1995), where Hg(II) was

adsorbed on to RHA; a maximum of 98 % removal

was achieved under the best suited condition of pH 6,

and a contact time 180 min. Investigation made by

Rocha et al. (2009) showed that for metallic ion

adsorption by activated carbon followed the order

Cd(II)[Cu(II)[Zn(II)[Hg(II) most of the time.

Further modification of RHA was studied by Ganvir

and Das (2011), where it was coated with aluminium

to make it a better adsorbent for removal of fluoride

from drinking water. The study shows a maximum

fluoride removal of 10 mg/g was achieved by the

process. Although RHA has been used for the

adsorption of metals ions, phenolic compounds and

gases, the major success was attained by using it for

adsorption of dyes due of its extended surface area,

high degree of surface reactivity and micro porous

structure.

Fig. 2 SEM photographs of RHA from different sources (Totlani et al. 2012; Srivastava et al. 2006; An et al. 2011; Daud and Hameed

2010)
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Studying the adsorption requires kinetic and equi-

librium analysis of the process. Kinetic and equilib-

rium study is important for the design and scale up of

reactors, which is the very first step towards making

the treatment process commercially viable (Chatterjee

et al. 2012). Tables 5 and 6 represent the adsorption

kinetics and the isotherms respectively. In most of the

cases, adsorption onto RHA is well represented by

Langmuir and Freundlich isotherms and the adsorp-

tion usually follows pseudo second order kinetics. The

pseudo second order kinetics is represented by the

following equation (Dasgupta et al. 2015). The

kinetics is represented in terms of q (the amount of

contaminant adsorbed per unit mass of adsorbent)

where qe is in the equilibrium condition while qt is

during any time instant.

dqt

dt
¼ ks qe � qtð Þ2 ð1Þ

where ks is the pseudo-second order adsorption rate

constant (unit: g/mg min). Equation (1) upon integra-

tion with boundary condition qt = 0 at t = 0 and

qt = qt at t = t,

1

qt
¼ 1

ksq2e
þ 1

qe
t ð2Þ

The initial adsorption rate, h (mg/g min) can be

defined at t ? 0 as

Fig. 3 FTIR plots of treated

and untreated RHA, when

RHA was used for the

removal of a metal ions and

b indigo carmine dye

(Srivastava et al. 2006;

Lakshmi et al. 2009)
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h ¼ ksq
2
e ð3Þ

In case of adsorption process, which involves solid

and liquid phases, the transfer of solute from the liquid

solution is mainly characterized by external mass

transfer (boundary layer diffusion) or inter-particle

diffusion or both. The adsorption takes place via the

three consecutive steps—firstly, solute form the bulk

diffuses through the liquid film, then it diffuses

through the pore of the adsorbent into the interior of

the adsorbent and finally it get adsorbed onto the

adsorbent (Ahmaruzzaman 2010). Among all the

above mentioned three steps, the third and the final

Table 4 Maximum adsorption achieved by rice husk ash when used as an adsorbent for adsorption of adsorbate under stated

conditions

Adsorbate Maximum adsorption pH Contact time Reference

Cd(II) 29.85 % 6 5 h Srivastava et al. (2006)

Copper ion 16.1 mg/g 6.01 2 h Nakbanpote et al. (2007)

Brilliant green 85.56 mg/g 7 1.5 h Tavlieva et al. (2013)

Fluoride 9–10 mg/g 7 ± 0.2 1 h Ganvir and Das (2011)

Lead ion 91.74 mg/g 5 1 h Naiya et al. (2009)

Methylene blue 1455.6 mg/g 7 30 min Sharma et al. (2010)

Phenol 75 % 7 4 h Aghav et al. (2011)

Humic acids 2.7 mg/g 6 1 h Imyim and Prapalimrungsi (2010)

Indigo carmine 65.9 mg/g 5.4 8 h Lakshmi et al. (2009)

Pyridine 79.50 % 6.2 5 h Lataye et al. (2008)

Table 5 Most appropriate adsorption kinetics and their kinetic constants for uptake of various adsorbate under different operating

conditions

Adsorbate Kinetic model Kinetic constant Ks (g/

mg min)

Conditions

temperature (K)

Initial concentrations

(mg/L)

References

qe,cal
(mg/g)

h (mg/

g min)

Brilliant

green

Pseudo-

second-order

3.83 0.4020 0.0274 300 20 Tavlieva et al.

(2013)

Fluoride Pseudo-

second-order

15.08 11.84 0.0521 300 20 Ganvir and Das

(2011)

Indigo

carmine

Pseudo-

second-order

4.86 0.2111 0.0089 303 10 Lakshmi et al.

(2009)

Cd(II) Pseudo-

second-order

1.68 0.4288 0.1511 303 50 Srivastava et al.

(2006)

Crystal

violet

Pseudo-

second-order

9.71 2.13 0.0013 303 50 Chakraborty et al.

(2011)

Zn(II) Pseudo-

second-order

3.18 1.65 0.1630 303 50 Srivastava et al.

(2006)

NH4Cl Pseudo-

second-order

41.98 2.37 0.0013 308 1000 Kizito et al.

(2015)

Slurry

solution

Pseudo-

second-order

46.21 2.45 0.0011 308 1000 Kizito et al.

(2015)

Ni(II) Pseudo-

second-order

2.43 1.13 0.1913 303 50 Srivastava et al.

(2006)
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step is in equilibrium which is rapid and neglected

while determining the overall reaction kinetics. The

adsorption kinetics is mainly pseudo first order or

pseudo second order with the adsorption being pore

diffusion controlled (Gupta et al. 2003). The adsorp-

tion onto rice husk ash usually follows Langmuir,

Freundlich and Temkin isotherm. The Langmuir

isotherm is given by Eq. (4)

Ce

qe
¼ Ce

qm
þ 1

Klqm
ð4Þ

where Kl is the Langmuir constant (unit: L/mg) and Ce

is the equilibrium adsorbate concentration in the

solution. Equations (5) and (6) represents the Fre-

undlich and Temkin isotherm of the adsorption

process.

log qe ¼ logKf þ
1

n

� �
logCe ð5Þ

qe ¼ BT lnKT þ BT lnCe ð6Þ

where in Eq. (5) KF is the Freundlich constant (unit:

(mg/g) (L/g)1/n-) and n is the heterogeneity factor. In

Eq. (6) the KT indicates Temkin adsorption potential

(unit: L/g) and BT is the Temkin constant.

Thermodynamic parameters such as enthalpy

change (DH�), entropy change (DS�) and Gibbs free

energy change (DG�) of various adsorption processes

have been listed in Table 7. The thermodynamic

parameters are evaluated at a particular temperature;

usually within the range between 300 and 320 K

because most of the adsorption takes place in this

temperature range. There is also a decrease in

feasibility of adsorption as temperature increases

because there is an increase in the escape of adsorbent

molecules from the surface of the adsorbent due to

high kinetic energy at higher temperature (Table 7).

The thermodynamic parameters have been calcu-

lated using the following equations (Nandi et al.

2009).

ln
qem

Ce

� �
¼ DS�

R
� DH

RT
ð7Þ

DG� ¼ DH� � TDS ð8Þ

The negative value of the Gibbs free energy

indicates the feasibility of the reactions. The positive

values of entropy change and enthalpy change indi-

cates the spontaneity of the adsorption process. The

adsorption process in case of 2,4-dichlorophenol is

neither spontaneous nor feasible because of positive

value of Gibbs free energy (Ahmaruzzaman 2010).

For such adsorption processes, energy in form of heat

is needed to be supplied from outside.

The details of the characteristic of the adsorbent

prepared from RHA have been tabulated in Table 8

in terms of their particle diameter, BET surface area

and pore volume. Generally the BET surface area

lies between 10 and 100 m2/g, while the average

pore diameter (d) is about 45 Å. The pore area

consists of 20 % micropores (having pore diameter

\20 Å), 78 % mesopores (pore diameter lying

between 20 and 500 Å) and 2 % macropores (with

average pore diameter more than 500 Å). The RHA

samples usually has a pore volume in the range of

0.03–0.04 cm3/g.

Table 6 Equilibrium isotherm which represents the adsorption onto rice husk ash

Adsorbate Equilibrium Equilibrium constant Equilibrium time (min) References

Indigo-carmine Freundlich

Langmuir

Temkin

Kf = 2.47 ((mg/g)/(mg/l)1/n)

Kl = 0.0151 mg-1

KT = 0.8877 mg-1

480 Lakshmi et al. (2009)

Crystal violet Freundlich

Langmuir

Kf = 19.22 ((mg/g)/(mg/l)1/n)

Kl = 4.174 l mg-1

90 Chakraborty et al. (2011)

Methylene blue Freundlich Kf = 1.74e-15 30 Sharma et al. (2010)

Humic acids Langmuir – 60 Imyim and Prapalimrungsi (2010)

a9-Picoline Freundlich Kf = 1.649 360 Lataye et al. (2009)

Pyridine Langmuir

Langmuir

Freundlich

Kl = 0.030

Kl = 0.036

Kf = 0.036

300 Lataye et al. (2008)
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4 Preparation of silica and catalyst from RHA

Oxides of silica are the most abundant on the surface

of the earth and it has many uses and it have been of

great importance for the evolution of mankind,

especially in the era of electronics and information

technology where it is used extensively for making

electronic circuits, transistors, diodes and also finds its

use in ceramic and polymer industries (Liu et al.

2012). Silica also has many technological applications

such as thixotropic agents, thermal insulators and

composite filters mainly because of its small diameter

(Soltani et al. 2015). Table 9 lists the various appli-

cations of silica and their acceptance in the market. In

some applications like solar panel and semiconductor,

silica has virtually no alternative, but use of silica as

composite filter and polymer is relatively new and

there still lies some hindrances to its proper use. The

applications of silica in various other fields have been

studied over the past decades.

Silica is abundantly available on the earth’s surface

as an oxide and it has so many uses in different

industries. Even then silica used in these industries is

prepared synthetically, making the end product costly

(Londeree 2002). This is the main driving force for the

search for alternate source of silica, and RHA plays an

important role in this regard because of high silica

content of rice husk (about 52 % by weight) (Liu et al.

2012). Recent studies demonstrated that RHA which

contains about 95 % silica by weight and may be a

source from which silica can be extracted very

economically (Della et al. 2002). The RHA, abun-

dantly available is refluxed with either nitric acid or

hydrochloric acid to reducemetallic impurities present

in it to a negligible level (Adam et al. 2013; Chang

et al. 2006). The acid treated ash is directly dissolved

to make sodium silicate which is then converted into

silica by adding suitable amount of mineral acid. The

various methods used for extraction of silica form

RHA have been given in Table 10. The general

procedure of extraction of silica follows the two basic

reactions—Eqs. (9) and (10).

SiO2 þ 2NaOH ! Na2SiO3 þ H2O ð9Þ

Na2SiO3 þ H2SO4 ! SiO2 þ Na2SO4 þ H2O ð10Þ

The prepared silica is usually amorphous in nature

and that has been confirmed by the broad peak in the

X-ray diffraction spectrograph. The XRD study of

prepared silica has been studied by An et al. (2010).

Figure 4 shows a broad peak around 22.5� which

confirms the amorphous structure of silica (An et al.

Table 7 Thermodynamic properties for adsorption of different pollutants onto rice husk ash

Adsorbate Temperature (K) -DG (kJ/mol) DH (kJ/m) DS (kJ/Kmol) References

Ni(II) 303 -3.59 11.33 0.025 Totlani et al. (2012)

Lead(II) 303 -9.23 28.92 0.132 Naiya et al. (2009)

Rhodamine B 313 -25.24 27.41 0.167 Jain et al. (2007)

2,4-Dichlorophenol – -7.1 ± 0.09 -25 ± 1 -0.061 ± 4 Akhtar et al. (2006)

Indigo carmine – -26.91 7.78 107.4 Lakshmi et al. (2009)

Table 8 The

characteristics of adsorbent

made from rice husk ash in

terms of their mean

diameter, BET surface area

and pore volume

Mean diameter Bet surface area Pore volume References

34.66 Å 65.36 m2/g 0.039 cm3/g Lataye et al. (2009)

42.60 Å 36.44 m2/g 0.0388 cm3/g Srivastava et al. (2007)

– 480–600 m2/g – Aghav et al. (2011)

56.93 Å 192.13 m2/g 0.2735 mL/g Imyim and Prapalimrungsi (2010)

34.66 Å 65.36 m2/g 0.039 cm3/g Lataye et al. (2008)

42.603 Å 36.44 m2/g – Srivastava et al. (2006)

– 10.995 m2/g 0.038 mL/g Kizito et al. (2015)

92 lm 62.8 m2/g – Ganvir and Das (2011)
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2010; Kumar et al. 2015). Several other studies onXRD

also indicated a broad peak at around 22�–23� which
confirms the amorphous structure of silica and absence

of any orderly crystalline structure (An et al. 2011;Liu

et al. 2012). The SEM photograph of silica is given in

Fig. 5 as given by An et al. 2011. Silica particles have

diameter about 100–200 nm and are interlinked

together. The particles appear to be spherical in nature

and at magnification of 20 K the porous structures of

silica are clearly revealed, the hexagonal pores observed

are uniformandwithin themesoporous range (Jullaphan

et al. 2009; Kumar et al. 2015).

This method of silica preparation from RHA, as

given by Adam and Fua (2008), is modified to form

catalysts. A scheme of simultaneous preparation of

activated carbon and silica as given by Liu et al. (2011)

is shown in Fig. 6. The incorporation of metals onto

silica to prepare catalyst was undertaken via sol–gel

techniques as more control on final properties of the

catalyst to be prepared can be attained by using sol–gel

technique, because of the ability of metal precursor to

mix homogeneously with molecular precursor of the

support i.e. silica (Lambert and Gonzalez 2001).

Several researches have been carried out to obtain

silica based catalyst by impregnation of metals onto

silica. Nickel nitrate was incorporated into silica

matrix via ion exchange, in accordance to Chang et al.

(2001). By the deposition–precipitation method cop-

per nitrate was introduced in RHA (Chen et al. 2010).

Table 9 The different value added products which can be prepared from silica

Application Characteristics Market sector References

Thixotropic agents, thermal

insulators, composite fillers

Small-diameter Electronics, ceramic and

polymer material industries

An et al.

(2010)

Refractory materials (silica bricks) High strength under high temperatures Coke ovens and glass furnaces

manufacturing units

Pilate et al.

(2015)

Drug delivery agent Highly porous structure Medical applications Pijarn et al.

(2010)

Biogenic silica nano-particles Biocompatibility and bioactivity Materials science and

biomedicine fields

Alshatwi

et al. (2015)

Adsorbent and catalyst High specific surface area, large pore

volume and chemical inertness

Wastewater treatment plants for

different industries

Kim et al.

(2014)

Table 10 Extraction of silica from rice husk ash using different processes

Methodology Remarks References

Carbon dioxide neutralization and precipitate

separation processes

Yield of silica 72–98 %. Recovery rate of Na2CO3 92.25 % Liu et al.

(2011)

Carbonation method. Impregnation ratio of

Na2CO3 to RHA (6:1). PEG is added

Yield of silica reached to 84.57 %. Hydrated silica powders

with amorphous structure and high purity

An et al.

(2011)

Alkaline extraction followed by acid precipitation Pure silica with minimum mineral contamination. Yield of

silica 91 %

Kalapathy

et al. (2000)

Thermal degradation method Superfine silica with a diameter 50 nm Zhang et al.

(2015)

Fig. 4 X-ray diffraction pattern of silica produced from RHA

(An et al. 2010)
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Metals are usually impregnated onto silica for the

purpose of preparation of catalyst. The metals that are

chosen are usually transition metals such as chro-

mium, molybdenum and tungsten and even iron.

(Adam and Iqbal 2011). A sol–gel technique is

generally followed while preparing the catalyst. A

suspension of the sodium silicate extracted from RHA

is prepared and heated. To the suspension metal ions

of calculated amount is added and stirred. Metal ions

are usually in form of complex salts or nitrates such as

Fe(NO3)3�9H2O. The metal ion is added drop wise

such that the process of addition could be stopped

when a certain pH is reached. The solution is

precipitated, aged, washed and then calcinated at high

temperature in a muffle furnace (Gan and Li 2013).

The basic technique of preparation remains same

although there might be some slight differences. Some

of the different preparation method has been discussed

in Table 11. Sol–gel technique is preferred generally

over other methods because of the ability of the metal

precursor to mix homogeneously with the suspension

of silica i.e. the molecular precursor of the support

(Jullaphan et al. 2009). Metal ions can be easily

trapped in the polymerized gel allowing precipitation

from the solution, where metals occupy neighbouring

position in the gel, which leads to the formation of

metal–oxygen–metal bonds under further processing

like calcination at very high temperature (Namiki et al.

2005). Another common technique used is ion

exchange method, where aqueous metal ions are used

to produce metal/RHA via incipient wetness impreg-

nation (Chang et al. 2001). Another technique used is

deposition–precipitation to incorporate the metal

nitrate into RHA, where metal salt is dissolved in

urea solution and then added to the RHA suspension

(Shen et al. 2014). The major area of interest for using

catalyst is the selectivity of the catalyst activity and

increased reaction rate. Major works in the field of

Fig. 5 SEM photographs of silica prepared form rice husk ash

(An et al. 2011)

Fig. 6 Schematic representation of simultaneous production of silica and activated carbon from rice husk ash (Liu et al. 2011)
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catalyst preparation have tried to optimize the weight

percentage of metal ions impregnated onto silica

matrix to provide best results. The operating condition

in which the catalyst acts is also optimized to achieve

maximum yield.

5 Emergence of RHA as a rawmaterial for various

other value added products

It is estimated in 2005, that globally 21 million tonnes

of RHA per year (Namiki et al. 2005). In the last

decade, the generation and discharge of RHA into the

ecosystem has garnered ample criticism, mainly in

lieu of its carcinogenic and bio-accumulative proper-

ties. The results of such discharge of RHA causes

health related problems such as loss of appetite,

fatigue, silicosis syndrome, respiratory disorders and

even death (Zhang et al. 2015). Under such conditions,

the cost associated with proper discharge of RHA in

the developed countries was at its peak with approx-

imated $50 per tonne of discharge while it was lower

in the developing countries with the cost ranging

nearly around $5 per tonne of RHA discharge. Hence,

grew a general interest to convert this waste into some

useful form, not only to decrease the value associated

with its proper disposal but also generate products

having economic importance in the world market.

(Bronzeoak Ltd. 2003; Siriwandena et al. 2001).

Under such ideology to generate valuable product,

RHA finds its application as a pozzolanic material for

the manufacture of high strength concrete and refrac-

tory bricks (Hwang and Huynh 2015), a feedstock for

the silicon chip processing industry (Watari et al.

2006). It find its application as refractory powder, for

vulcanizing rubber, as an agent for beer clarification,

as filler in polymer production and as oil adsorbent

(Bronzeoak Ltd. 2003; Siriwandena et al. 2001).

Among these, the two most important use of RHA

has been in the steel industry as an insulator and as a

pozzolan in the concrete industry (Bronzeoak Ltd.

2003; Siriwandena et al. 2001). RHA has excellent

insulating property, having low thermal conductivity,

low bulk density and high melting point. Its insulating

property makes its use possible as an excellent

‘tundish powder’—powders that are used to insulate

the tundish to prevent rapid cooling of steel to ensure

uniform solidification in continuous casting process

(Watkinson 2002). In the concrete making process,

RHAwas initially used for the purpose of lowering the

price of concrete, as ordinary portland cement is

expensive. Later, studies found that addition of RHA

not only make the concrete making process economic

but also alters some properties of the concrete like

reduction of setting time, increase in compressive

strength and increase chemical resistance mainly

prevents chloride penetration. The pozzolan properties

of RHA is mainly due to these factor; the silica

content, crystalline state of silica, size and surface area

of the rice husk particles. (Zain et al. 2011). RHA

having such properties can be prepared by suit-

able incineration under controlled temperature in

Table 11 Preparation of different silica supported catalyst from rice husk ash

Process Reagent Remarks References

Incipient impregnation method. Sample dried at

105 �C, 12 h, followed by calcination at

500 �C, 4 h

Fe(NO3)3�9H2O 96 % decolorization of acid red within

120 min

Daud and

Hameed

(2010)

Modified alkali extraction method Fe(NO3)3�9H2O 100 % decolorization of Rhodamine B after

10 min, pH 3

Gan and Li

(2013)

Chromium incorporated silica matrix HNO3 99.9 % conversion of styrene into

benzaldehyde

Adam and

Iqbal

(2011)

Incipient wetness impregnation. Sample calcined

at 600 �C, 1 h

Fe(NO3)3�9H2O,

Ni(NO3)2�6H2O

In situ catalytic conversion efficiency of tar is

92.3 %

Shen et al.

(2014)

Direct incorporation of Indium ions onto silica HNO3 Benzylation of benzene, with 100 %

conversion and 90 % selectivity for

diphenyl methane

Adam and

Ahmed

(2008)

Deposition–precipitation technique Cu(NO3)2�5H2O Partial oxidation of 87 % methanol

conversion with 92.5 % H2 and 2.9 % CO

selectivity, respectively

Chen et al.

(2010)
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properly designed furnace and proper grinding process

(Mehta 1989). Figure 7 shows a furnace that has been

designed (Zain et al. 2011), after reviewing the

furnaces reported by Loo et al. (1984) and Ramli

(1993). The furnace has two sections; a ferro-cement

section of diameter 1030 mm whose purpose is to trap

the heat and prevent it from escaping into the

atmosphere and there is a steel cylinder of 5 mm

thickness and diameter 760 mm which acts as a

container for the rice husk (Zain et al. 2011). Other less

popular uses of RHA is its application in the manu-

facture of refractory bricks, light weight insulating

boards and as a raw material for silicon chip manu-

facturing (Armestoa et al. 2002). The market has not

been fully established to meet the expected potential

of using RHA for the above mentioned purpose. The

potential market for the use of RHA is predominantly

found in the steel industries, but its expansion is

hindered due to health related issues associated with

the use of ash (Siriwandena et al. 2001). Thus more

research in this regard need to be carried out. RHA’s

concrete market is established and is expanding

keeping in line with its potential. The various other

uses of RHA, their potential for commercial use and

their current development is given in Table 12

(Bronzeoak Ltd. 2003). In spite of having so much

potential of being the raw material for the preparation

of numerous valuable products, the present utilization

of RHA is limited to cheap concrete blocks and

tundish powder for iron and steel industries (Fig. 8).

6 Challenges and future prospects

The benefits of RHA in steel and concrete industry has

been well established, but there exists other enormous

applications which are exhibiting promising potential

to be commercially utilized all over the world.

Currently, energy from biomass is estimated to

contribute about 9–13 % of the global energy supply

(UNDP 2000). Rice husk having high calorific value

can contribute to this energy market, as it releases

energy (13.6 MJ/kg) when converted from husk to ash

(Armestoa et al. 2002). Asian farmers use RHA to

prevent insect attack in stored food and few scientific

research have been undertaken to identify the efficacy

of it as preservative (Saha et al. 2001). The high carbon

content in RHA can be utilized as a natural adsorbent

for purification of wastewater. There are many scien-

tific studies in this regard even though the adsorbent is

Fig. 7 Design of a furnace for the proper incineration of rice husk to produce proper ash for the use in concrete making (Zain et al.

2011)
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more economic in comparison to commercially avail-

able activated carbon, it has not found its rightful

commercial market. This may be due to the lack of

research to establish a proper large scale unit for

preparation of adsorbent. Greenwich University is

studying small scale rice mill in Bangladesh and

Vietnam for establishing RHA as an adsorbent to

purify water. Reports suggest that RHA can be used as

soil ameliorant for the purpose of breaking up clay

(Confidential Report 1998). RHA has been used to

vulcanize rubber but its market has not been properly

established due to lack of research to give a scheme of

a large scale unit. Rice husk which has been slowly

incinerated over 6 months is used to absorb oil in

California. The potential market for RHA in the

silicon chip industry is huge and still expanding.

However, technique of extracting silica from ash has

not yet been established fully on a large scale and it

might be many years before its application is market

ready. The future looks very bright for RHA to be used

Table 12 Opportunity matrix of uses and potential markets for RHA (Foo and Hameed 2009d)

Application Current state of

development

Current

demand

Potential

demand

Geographical

use

Purchase price

per tonne

Suitability as a market

Flat steel production Market already in

existence

Medium Decreasing World wide Medium Not expanding

Concrete

manufacture

Market in existence, and

ongoing research

Low to

medium

High World wide Low Expanding and CER

potential

Silica fume

replacement

Market in existence, and

ongoing research

Low High World wide High Expanding and CER

potential

Lightweight

construction

materials

Market in existence, and

ongoing research

Low Low to

medium

World wide Low Currently localized,

potential in future

Fig. 8 Present day scenario of utilization of rice and RHA
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commercially, particularly as an adsorbent and a

source for silica provided proper research is carried

out to give a scheme of feasible large scale econom-

ically viable process. The other uses of RHAwhich are

still in research stage are—manufacture of roof tiles,

production of sodium silicate films, extended fillers for

paints, abrasive filler for tooth paste, free running

agent in fire extinguishers. (Confidential Report 1998;

Kalapathy et al. 2000). Figure 9 shows graphically the

various possible value added products that can be

derived from RHA and their current state of develop-

ment and potential in market. The challenges in

utilization of RHA to its full potential are due to

different socio- economic problems and inactiveness

from the concerned authority. Various causes for

improper utilization of RHA in developing countries

are (a) Information: lack of information about poten-

tial of RHA, inefficient information transfer about the

utility of RHA (b) Environmental concerns: lack of

environmental concerns by individuals, absence of

proper environmental laws and their proper imple-

mentation (c) Active participation: lack of initiatives

by concerned authorities, social and political issues

hinders implementation of new ideas.

7 Conclusion

Wastewater treatment is a subject of concern espe-

cially due to the complexity, efficiency and cost

involved with the process. In this context, adsorption

provides a possible solution to the problem of water

treatment and RHA has a huge potential to be an

efficient and economic adsorbent and in turn solve the

problem of its disposal into the environment and

provide an effective scope for recycle of RHA. The

high silica content of RHA also instigated the

researchers to investigate it as a possible source of

silica and silica based catalysts. The results were

overwhelming and the researches in the past one

decade have proved that its future market potential is

huge. Big silicon chip producing firms have started

investigating its possible use as raw material for

generating silica. Although RHA has stable market in

accordance to its potential in the concrete and steel

industries, as an adsorbent and raw material for

producing silica is yet to be stabilized and this may

be accounted to the lack of proper large scale

scheme for the production from ash. Many other

usefulness of RHA is also being explored like its use as

filler in paint and toothpaste, production of sodium

silicate films, roof tiles and insulating sheets. In a

world with depleting oil reserve, energy from biomass

of rice husk could be well utilized to generate energy.

The literary review provides an effective scheme to

utilize rice husk to derive different value added

products which are of paramount importance. The

methods discussed not only provide scheme to pro-

duce economically valuable products but also revealed

an effective solution to the problem associated with its

proper disposal through superior recycle of this

agricultural waste.

Fig. 9 Possible value

added products from rice

husk ash and their potential

in market and stage of

development
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