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Abstract— Rice Husk Ash (RHA)is a by-product of the 

agricultural industry which contains high amount of silicon 

dioxide(SiO2). In this research, for the first time in the 

Middle East, in order to supply typical RHA, a special 

furnace was designed and constructed in Amir kabir 

University of Technology. Afterwards, XRD and XRF 

technique were used to determine the amorphous silica 

content of the burnt rise husk. Attempts were made to 

determine the optimum temperature and duration of burning. 

Results show that temperature of 650 degrees centigrade and 

60 minutes burning time are the best combination. Then 

various experiments were carried out to determine properties 

of concretes in corporating optimum RHA. Tests include 

compressive strength, splitting tensile strength, modulus of 

elasticity, water permeability and rapid chloride 

permeability test. Results show that concrete incorporating 

RHA had higher compressive strength, splitting tensile 

strength and modulus of elasticity at various ages compared 

with that of the control concrete. In addition ,results show 

that RHA as an artificial pozzolanic material has enhanced 

the durability of RHA as an artificial pozzolanic material 

has enhanced the durability of RHA concretes and reduced 

the chloride diffusion. 
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I. INTRODUCTION 

Rice husk ash (RHA) is a by-product from the burning of 

rice husk. Rice husk is extremely prevalent in East and 

South-East Asia because of the rice production in this area. 

The rich land and tropical climate make for perfect 

conditions to cultivate rice and is taken advantage by these 

Asian countries. The husk of the rice is removed in the 

farming process before it is sold and consumed. It has been 

found beneficial to burn this rice husk in kilns to make 

various things. The rice husk ash is then used as a substitute 

or admixture in cement. Therefore the entire rice product is 

used in an efficient and environmentally friendly approach. 

In this article we will be exploring the common processes of 

burning rice husk and the advantages of using the burnt ash 

in cement to facilitate structural development primarily in 

the East and South-East Asian regions. We will be 

investigating prior research from various sources, as well as 

prepare specimens of our own to perform a range of strength 

tests.  

II. USE OF RICE HUSK ASH TO PRODUCE CONCRETE 

HE global market for cement and concrete is huge; it is the 

second biggest traded commodity in the world after water. 

Cement production now accounts for around 5% of the 

global CO2 emission. The production of one ton of cement 

results in the release of approximately one ton of CO2. One 

of the main key levers to reduce carbon emissions is 

replacing cement with cementitious material while 

producing concrete. India is the world's second largest 

producer of rice after China. The average yearly production 

of Rice in India is in the range of 100 million MT. Rice 

milling generates a byproduct known as rice husk. 

Controlled incineration of rice husk between 5000C and 

8000C produces non-crystalline amorphous RHA. 1 MT of 

rice grain produces 200 KG of Rice Husk i.e., 20% by 

weight of rice grain. 1 MT of Rice Husk produces 200 KG 

of Rice Husk Ash i.e., 20% by weight of Rice Husk. RHA is 

whitish or grey in color. The particles of RHA occur in 

cellular structure with a very high surface fineness. They 

have 90% to 95% amorphous silica. Due to high silica 

content, RHA possess excellent pozzolanic property. 

III. PROCESSING & PRODUCTION OF RHA  

A. Combustion  

Rice husk has an energy value about half that of coal and is 

therefore an important potential energy source. Rice husk is 

still burnt as waste in rural areas of India. Rice husk is also 

used as energy source to boiler at rice mills. To produce the 

best pozzolanas, the burning of the husk must be carefully 

controlled to keep the temperature below 7000C and to 

ensure that the creation of carbon is kept to a minimum by 

supplying an adequate quantity of air. At burning 

temperatures below7000C an ash rich in amorphous silica is 

formed which is highly reactive. Temperatures above 7000C 

produce crystalline silica which is far less reactive .The 

presence of large quantities of carbon in the ash will 

adversely affect the strength of any concrete or mortar 

produced using RHA cements. Where possible, the carbon 

content of the ash should be limited to a maximum of 10%  

B. Grinding 

The second step in processing is grinding the RHA to a fine 

powder. Ball or hammer mills are usually used for this 

purpose. Crystalline ash is harder and will require more 

grinding in order to achieve the desired fineness  

IV. CEMENT HYDRATION & EFFECT OF RHA 

Cement Hydration is the result of a chemical reaction that 

occurs between water and the chemical compounds present 

in Portland cement. Portland cement is predominantly 

composed of two calcium silicates which account for 70% to 

80% of the cement. The two calcium silicatesare dicalcium 

silicates (C2S) and tricalcium silicate (C3S). There action of 

dicalcium silicate and tricalcium silicate with water 

produces calcium silicate hydrate (C-Si-H) and calcium 

hydroxide Ca(OH) 2 as:Calcium Silicates + Water -> Ca-Si-

H Gel + Ca(OH)2 

Ca-Si-H Gel contributes to strength & long term 

durability& it accounts for more than half the volume of the 
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hydrated cement paste. Ca(OH)2 does not contribute to the 

strength & can potentially lead to reduced strength & 

lowered durability.It accounts for about 25% of the paste 

volume. RHA has high Silica content. The pozzolanic 

reaction of RHA converts the soluble Ca(OH)2 to C-Si-H 

Gel, increasing the overall strength and durability of the 

concrete  

SiO2 + Ca(OH)2 -> Ca-Si-H Gel 

Additional Ca-Si-H Gel produced by RHA 

improves the properties of Portland cement concrete 

V. TRADITIONAL USES OF RICE HUSK IN INDIA 

The average yearly production of Rice in India is in the 

range of 100 million MT as 1 MT of rice grain produces200 

KG of Rice Husk; so approx quantity of Rice Husk available 

is 20 million MT per year. The top ten rice producing states 

in India are West Bengal, Andhra Pradesh, Uttar Pradesh, 

Punjab, Orissa, Tamil Nadu, Chhattisgarh, Bihar, Karnataka 

and Haryana. 

Rice Husk is the outermost layer of protection 

encasing a rice grain. It is yellowish in color and has a 

convex shape. It is slightly larger than a grain of rice, thus 

length up to 7 mm are possible. Typical dimensions are 

4mm by 6 mm. It is light weight, having a ground bulk 

density of 340 kg / cum to 400 kg / cum. In India Rice Husk 

is generally used as given below: 

1) Generally ground Rice Husk is used in small power 

plants based on feeding of Rice Husk. 

2) Rice Husk is used as biomass to fuel and co-fuel power 

plants. 

3) In horticulture Rice Husk is used for soil aeration. 

4) Rice Husk is a popular bedding material for animals in 

rural India. Compared to saw dust it is fire resistant, 

does not attract insects and it does not compress; 

meaning asofter bed for animals. 

5) Nowadays some industries are manufacturing 

composites from Rice Husk for making furniture and 

wood plastic composite (WPC) decking. 

6) Rice Husk Ash is used as an insulator to line ladles in 

steel manufacturing. 

A. Advantages of using RHA in making concrete 

Recent researches on concrete using Rice Husk Ash 

revealthat RHA can be used to produce good quality 

concrete i.e.RHA is suitable to replace ordinary Portland 

cement. Recent studies reveal the following advantages of 

using RHA in concrete: 

1) Increased compressive & flexural strengths. 

2) Reduced permeability. 

3) Increased resistance to chemical attack. 

4) Increased durability. 

5) Reduced effects of alkali-silica reactivity. 

6) Reduced shrinkage due to particle packing, 

makingconcrete denser. 

7) Enhanced workability of concrete. 

8) Reduced heat gain through the walls of buildings. 

9) Reduced amount of super plasticizer. 

10) Reduced potential for efflorescence due to 

reducedcalcium hydracids. 

B. Experiments with RHA obtained from WEST BENGAL, 

INDIA 

Material Used in Laboratory Experiments 

1) Ordinary Portland Cement: Ultratech brand Ordinary 

Portland Cement (OPC) 43 grade was used in the 

laboratory experiments. Typical properties and 

composition of this product are given in Table. 

2) Rice Husk Ash: RHA was procured from “Manas Rice 

Husk Ash Research & Export India Pvt. Ltd., 

Bardhaman, West Bengal”. Typical properties and 

composition of this product are given in Table . 

3) Coarse Aggregate: Pakur variety 20 mm down was used 

as coarse aggregate in the laboratory experiments. 

Grading of this product is given in Table III. The bulk 

density obtained in the lab was 1440 kg / cum. 

C. The Effect of Rice Husk Ash on Mechanical Properties 

and Durability of Sustainable Concretes 

Sustainable development of the cement and concrete 

industry requires the utilization of industrial and agricultural 

waste components. At present, for a variety of reasons, the 

concrete construction industry is not sustainable. Firstly, it 

consumes huge quantities of virgin materials which can 

remain for next generations. Secondly, the principal binder 

in concrete is Portland cement, the production of which is a 

major contributor to green house gas emissions that are 

implicated in global warming and climate change. Thirdly, 

many concrete structures suffer from lack of durability 

which may waste the natural resources. So, finding a 

solution to substitute a practical recycled product for part of 

the cement seems to be desirable for sustainable 

development. 

Recycling of waste components contribute to 

energy savings in cement production, to conservation of 

natural resources, and to protection of the environment. 

Furthermore, the use of certain components with potentially 

pozzolanic reactivity can significantly improve the 

properties of concrete one of the most suitable sources of 

pozzolanic material among agricultural waste components is 

rice husk, as itis available in large quantities and contains 

alternaively large amount of silica. When rice husk is burnt, 

about 20% by weight of the husk is recovered as ash in 

which more than 75% by weight is silica. Unlike natural 

pozzolan, the as his an annually renewable source of silica. 

It is worth to mention that the use of RHA in concrete may 

lead to the improved workability, the reduced heat 

evolution, the reduced permeability, and the increased 

strength at longer ages. In Iran, rice production has 

increased during these years, becoming the most important 

crop. Rice husks are residue produced in significant 

quantities.  

While in some regions, they areutilized as a fuel in 

the rice paddy milling process, in our county they are treated 

as waste, causing pollution of environment and disposal 

problems. Due to increasing environmental concern, and the 

need to preserve energy and resources, efforts have been 

made to burn the husks under controlled conditions and to 

utilize the resultant ash as a building material. In addition, 

rice husks are able to be an ideal fuel for electricity 

generation 
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The use of Rice Husk Ash (RHA) in concrete was 

patented in the year 1924. Up to 1978,all the researches 

were concentrated to utilize ash derived from uncontrolled 

combustion. Mehta published several papers dealing with 

rice husk ash utilization during this period. He established 

that burning rice husk under controlled temperature– time 

conditions produces ash containing silica in amorphous 

form. 

Depending on produce method, the utilization of 

rice husk ash as a pozzolanic material incement and concrete 

provides several advantages, such as improved strength 

anddurability properties. Rodrý´guez de Sensalereported 

that mortars and concrete containing RHA have compressive 

strength values inferioror superior to that of OPC concrete. 

In addition, in most of the cases, mortars and concrete 

containing RHA improves durability of concrete at various 

ages. Generally, there are two types of RHA inconcrete. The 

type of RHA which is suitable for pozzolanic activity is 

amorphous rather than crystalline. Therefore, substantial 

researches have been carried out to produce amorphous 

silica. The results have shown that RHA quality depends on 

temperature and burning time. 

Apparently, for an incinerator temperature upto 700 

°C, the silica is in amorphous form and silica crystals grew 

with time of incineration. The combustion environment also 

affects specific surface area, so that time, temperature and 

environment also must be considered in the processing of 

rice husks to produce ash of maximum reactivity. 

D. Reactive pozzolanas from rice husk ash: An Alternative 

Tocement for Rural Housing 

Conventional building materials are beyond the reach of 

amajority of the world population due to their poor 

affordability besides the escalation in the cost of building 

materials, rising environmental concerns due to the 

extensive exploitation of natural resources connected with 

general construction and other housing development 

activities urge the search for alternative technological 

options. This paper attempts to identify a sustainable 

affordable alternative to replace cement for the primary 

building applications in rural areas Ashes produced from 

three different types of field ovens are analyzed for their 

reactivity and pozzolanic properties to identify the most 

feasible method to produce a reactive pozzolana as an 

alternative to cement for construction applications like 

masonry and plastering. However, the economical aspects 

for the bulk production of rice husk ash could not be 

considered. Along with bulk production, utilisation of the 

fuel value of rice husk can further improve the affordability 

of RHA pozzolana It has been suggested as the next phase 

of this research. 

E. Reactive pozzolanas from rice husk ash: An Alternative 

To cement for Rural Housing 

Conventional building materials are beyond the reach of a 

majority of the world population due to their poor 

affordability besides the escalation in the cost of building 

materials, rising environmental concerns due to the 

extensive exploitation of natural resources connected with 

general construction and other housing development 

activities urge the search for alternative technological 

options. This paper attempts to identify a sustainable 

affordable alternative to replace cement for the primary 

building applications in rural areas Ashes produced from 

three different types of field ovens are analyzed fortheir 

reactivity and pozzolanic properties to identify the 

mostfeasible method to produce a reactive pozzolana as 

analternative to cement for construction applications like 

masonry and plastering. However, the economical aspects 

for the bulk production of rice husk ash could not be 

considered. Along with bulk production, utilisation of the 

fuel value of rice husk can further improve the affordability 

of RHA pozzolana It has been suggested as the next phase 

of this research. 

F. Ultra-high Performance Concrete Definition 

UHPC is a new generation of high performance concrete 

with a very high strength, a very high ductility, and a very 

high durability. It is defined world wide as a concrete with a 

compressive strength exceeding of 150 MPa [AFGC-

SETRA 2002; Schmidt and Fehling2005], possibly attaining 

250 MPa and with a sufficient fiber content to achieve a 

ductile behavior under tension. Normally, the term UHPC 

has been used to describe a fiber reinforced, super 

plasticizer, silica fume-cement mixture with a very low 

water-cement ratio(w/c) characterized by the presence of a 

very fine quartz sand (0.15-0.60 mm) instead of the 

Ordinary aggregate. 

The basic principles used in UHPC have been 

identified by several authors [Richard and Cheyrezy 1995; 

Ma and Schneider 2002; Schmidt and Fehling 2005; 

Spasojevic 2008], which can be summarized as follows: 

1) Enhancement of the homogeneity by eliminating the 

coarse aggregate resulting in adecrease in the 

mechanical effects of heterogeneity. 

2) Enhancement of the packing density by optimizing the 

granular mixture through a wide distribution of powder 

size classes. 

3) Improvement of the properties of the matrix by adding a 

pozzolanic admixture, such assilica fume. 

4) Improvement of the matrix properties by reducing the 

water-to-binder (w/b) ratio. 

5) Enhancement of the microstructure by the post-set heat-

treatment. 

6) Enhancement of the ductility by including small steel 

fibres 

VI. CONCLUSION 

Application of RHA concrete would be environmental 

friendly due to utilization of waste  (RHA is basically a 

waste obtained from Rice Mill) and replacement of cement 

(Production of 1 MT cement emerges 1 MT Carbon-di-

Oxide). In a fast developing country like India; RHA based 

cement would definitely reduce the cost of concrete. It can 

be widely applied in semi-urban and rural areas. If the rice 

producing zones in India are earmarked and RHA is used to 

produce concrete in those areas then definitely it will enrich 

the economic condition of the poor and middle-class 

citizens. 

Based on the results of the present experiments, the 

following conclusions can be drawn out: 
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1) The duration and temperature of furnace are important 

parameters, influencing the reactivity of RHA 

pozzolans. Silica in the rice husk initially exists in the 

amorphous form, but may become crystalline when rice 

husk is burnt at high temperature. In addition, silica in 

rice husk ash will not remain porous and amorphous, 

when combusted for a prolonged period at a 

temperature above 650°C, or during less than a few 

minutes at 1100°C, under oxidizing conditions. The 

results of XRD analysis show that quartz crystal is 

present in both types of ashes. So, investigation on the 

influence of combustion conditions on the amorphous 

silica suggests that the RHA-650-60 can be considered 

to be non-crystalline RHA and to save the RHA 

production time. 

REFERENCES 

[1] Rice Husk Ash market study – Bronzeoak Ltd., 2003. 

[2] Pozzolanas: Rice Husk Ash (RHA) &Pulverised Fuel 

Ash (PFA) – Practical Action – The Schumacher Centre 

for Technology & Development, Bourton on Dunsmore, 

Warwickshire, UK, 2007.  

[3] The possibility of adding the Rice Husk Ash to the 

concrete – Mauro M. Tashima, Carlos A.R. da Silva, 

Jorge L.Akasaki, Michele Beniti Barbosa – 

FEIS/UNESP, Brazil, 2007. 


