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Abstract- Rice has a good bulk of rice straw which can be converted into ash by adopting inexpensive methods of burning. 
Literature shows that Rice Straw Ash (RSA) has strong potential for replacing OPC as a mineral admixture. In this paper, a 
study was done on the chemical, micro-structural, thermal and structural analysis of uncrushed and uncontrolled burnt (open 
air) rice straw ash for part replacement of OPC in PQC. Locally available rice straw was burnt to ash in uncontrolled 
manner. Various tests including XRF, SEM, TGA and XRD were carried out on locally available rice straw ash from 
Agricultural Farm, IIT (BHU), India. The tests results obtained were compared with the work of other researchers.  
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I. INTRODUCTION 
 
Flexible or bituminous pavements have low initial 
cost as well as low service life, while rigid or 
concrete pavements have higher construction cost and 
higher service life. Although concrete pavements are 
about 1.5 times costlier than bituminous pavements, 
their life cycle cost spread over the service life is 
much lower (Chakraborty and Das 2003)[1].  
Production of OPC is associated with several 
disadvantages. It liberates gases which causes 
greenhouse effect. For every 1000 kg of cement 
produced, about 814-935 kg of CO2 is emitted. 
Cement plants account for 5% of global emissions of 
CO2 and are among the main causes of global 
warming (Hosseini et al. 2011) [2] 
Rice has a good bulk which can be converted into ash 
by adopting inexpensive methods of burning. The 

potentiality of rice straw as a good source of high 
technological materials in road construction is the 
subject of this research. This study also presents an 
investigation on different characteristics of 
ungrounded and open air burnt rice straw by 
performing various tests like XRF, XRD, SEM, and 
TGA.  
 
II. RICE STRAW ASH  
 
Every year approximately 600 million tons of paddy 
are produced globally. Pathak, Jain and Bhatia (2012) 
[3] mentions that production of rice straw is a major 
agricultural by-product of Asia where its annual 
production amounts to nearly 95% of total world 
production. Ravindranath et al. (2000) [4] mentions 
that rice straw rates highest among agro-residues at 
national level as per data shown in Table 1. 

 
 

After extraction of rice from paddy, the rice straw is 
usually left behind in the fields. In Indian conditions, 
farmers resort to field burning of rice straw treating it 
as a waste material in order to ready their fields for 
next cultivation since the available time between 
reaping and sowing of crops is very less. El-Sayed et 
al. (2006) [5] states that when burnt, rice straw ash 
(RSA) is highly pozzolanic and is suitable for lime 
pozzolana mixes. He further mentions that rice straw 
ash satisfies the requirements of ASTM Class N, F, 
and C pozzolan; and has specific gravity of 2.25 and 
specific surface area as 18,460 cm2/gm.  

This study also presents an investigation on different 
characteristics of ungrounded and open air burnt rice 
straw by performing various tests like XRF, XRD, 
SEM, and TGA. There has been very less amount of 
work done to investigate the possibilities of using rice 
straw ash in PQC and even small number of these 
studies address the use of unprocessed RSA (RSA 
that is either not ground to very fine particle 
sizes and/or that is not produced from an optimized 
burning process) in PQC. This is because many of 
these studies have found that rice straw ash produced 
via uncontrolled burning tends to have low-reactivity, 
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and thus is not optimal for use in PQC. Additionally, 
grinding the ash has been found to yield large 
increases in the strength of RSA-PQC.  
 
III. ANALYSIS OF RICE STRAW ASH 
 
Rice straw was collected from the Agricultural Farm, 
Banaras Hindu University. It was burnt in the open 
air without any control. The ash varied in size, 
ranging from a fine, gray powder to larger black 
pieces of ash that have not fully carbonized, or 
completely burned the organic material.  
Total Weight of Rice Straw = 6750g  
Total Weight of Ash produced = 310g  
Burning Ratio = (310/6750)*100 = 22.96%  
 
A. Chemical Analysis  
According to ASTM [6] after chemical analysis if the 
sum of Iron oxide (Fe2O3), Silicon oxide (SiO2) and 
Aluminum oxide (Al2O3) is more than 70% then the 
material would be declared as a Pozzolanic material.  
X-ray fluorescence (XRF) is the emission of 
characteristic "secondary" (or fluorescent) X-rays 
from a material that has been excited by bombarding 
with high-energy X-rays or gamma rays.  

 
Table 2: Chemical analysis of the ungrounded and open air 

burnt rice straw ash sample used in the present study 

 
 
B. Microstructural Analysis  
A Scanning Electron Microscope (SEM) is a type of 
electron microscope that produces images of a sample 
by scanning it with a focused beam of electrons. The 
electrons interact with atoms in the sample, producing 
various signals that can be detected and that contain 
information about the sample's surface topography 
and composition. 
A sample was irradiated with a high-energy (10 keV) 
electron beam (SEM). The more tightly bound inner-
shell electrons (binding energies typically <10 keV) 
are excited by interaction with the incident electron 
and are ejected from their inner electron shell, 
creating holes which are then replaced by less tightly 
bound electrons from an outer shell. The energy 
released as this outer-shell electrons move to fill the 
more tightly-bound inner electron orbitals is emitted 
in the form of electromagnetic radiation in the xray 
range. The number and energy of x-rays emitted can 
then be used to identify the atomic structure.  

Micro structural features obtained from Scanning 
Electron Microscopy (SEM) shows that RSA 
particles are highly porous and needle shaped 
structure. Micro structural features of the ungrounded 
and uncontrolled open air burnt rice straw ash sample 
used in the present study are shown below at various 
magnifications:  
 
Figure 1: SEM micrographs of ungrounded and uncontrolled 

open air burnt rice straw at various magnifications 

 
 

 
 

 



International Journal of Advances in Mechanical and Civil Engineering, ISSN: 2394-2827 Volume-3, Issue-3, Jun.-2016 

Analysis Of Rice Straw Ash For Part Replacement Of OPC In Pavement Quality Concrete 
 
4 

C. Thermal Analysis  
Thermogravimetric analysis (TGA) is a method of 
thermal analysis in which changes in physical and 
chemical properties of materials are measured as a 
function of increasing temperature (with constant 
heating rate), or as a function of time (with constant 
temperature and/or constant mass loss). Thermo-
gravimetric analysis relies on a high degree of 
precision in three measurements: mass change, 
temperature and temperature change. As the 
temperature increases, various components of the 
sample are decomposed and the weight percentage of 
each resulting mass change can be measured.  
TGA is done to evaluate the thermal behaviors of the 
sample. Thermo-Gravimetric Analysis (TGA) shows 
that 16.5% by weight of rice straw gets converted into 
ash after burning (Chakraborty and Kamleemullah 
1991) [7]. The ash is greyish in colour when open air 
burning is done. However under control burning, it 
gradually turns into cream colour depending on 
temperature and duration of burning (Anupam 2009) 
[8]  
TGA was performed on Rice Straw Ash from 
Agricultural Farm, BHU using NETZSCH Thermo 
Gravimetric Analyzer as shown in Figure 2. The rate 
of heating was maintained uniformly at 200C per 
minute in the temperature range of 28 to 1200oC. 
Report obtained from laboratory is shown in Figure 3. 
The results are shown in Figure 4 (28 to 1200oC) and 
their analysis is shown in Table 3: 

 
Figure 2: NETZSCH Thermo Gravimetric Analyzer 

 

 
Figure 3: TGA Report 

Table 3: Results obtained from TGA 

 
 

 
Figure 4: TGA curve showing weight loss (in %) of Rice Straw 
Ash with time at constant rate of heating from 280C to 12000C 

at 200C per min. 
 

 
Figure 6: XRD peak distribution for rice straw ash. 

 
D. Structural Analysis  
X-ray diffraction is a non-destructive analytical 
technique which can yield the unique fingerprint of 
Bragg reflections associated with a crystal structure. 
One can regard a crystal structure as being built of 
layers, or planes, which each act as a semi-transparent 
mirror. X-rays with a wavelength similar to the 
distances between these planes can be reflected such 
that the angle of reflection is equal to the angle of 
incidence. We call this behaviour as “diffraction”, 
and it is described by Bragg's Law [9]. 2dsinθ = nλ  
XRD Analysis was carried out on rice straw ash 
obtained from Agricultural Farm, BHU using Rigaku 
Ultima IV X-Ray Diffractometer shown in Figure 5. 
Mineral phases present in the rice straw ash are 
known by identifying the peaks in the Figure 6. 
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Figure 5: Rigaku Ultima IV X-Ray Diffractometer 

 
CONCLUSION 
 
Based on the experimental results of this study, the 
following conclusions were drawn:  
 
1. As the RSA is an agricultural residue and naturally 
available, it can lower the construction cost. 
However, fine grinding and burning in controlled 
temperature may be required to get good quality 
RSA.  
2. It can be clearly seen in chemical analysis that the 
silica content of the rice straw ash used in the present 
study is 79.82%. Magnesium content, the second 
most abundant mineral, in this sample is 7.54%. 
These silica values are within the range of values 
found by other published studies. According to 
IS:3812: Part 1 – 2003, sum of Silicon dioxide (SiO2) 
plus aluminium oxide (Al2O3) plus iron oxide 
(Fe2O3) per cent by mass should be minimum 70%, 
total sulphur as sulphur trioxide (SO3) per cent by 
mass should be maximum 3.0 and available alkalis 
(Na2O, per cent by mass) should be maximum 1.5. 
The rice straw ash taken into consideration here 
satisfies all the above conditions.  
3. It can be seen clearly seen in microstructural 
analysis that the ungrounded rice straw ash has 
generally needle like structure as mentioned by Zaki 
et. al. [10]  
4. After Thermo-gravimetric analysis (TGA), it has 
been found that the rice straw ash produced after 
open air uncontrolled burning of rice straw from 
Agricultural Farm, BHU contains volatile substances 
because total loss is 5.671 mgs out of 42.578 mgs 

which is quite high. Initially, there is gain in weight 
(though it is very small) for about 2.9 minutes.  
 
5. Mineralogical phases identified by studying the 
peaks in XRD plot using JCPDS library for rice straw 
ash are as follows:  
 
 Quartz (SiO2)  
 Quartz Low (SiO2)  
 Hexathiane (S6)  
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