
IJST (2014) 38A3: 253-256 
Iranian Journal of Science & Technology 

http://ijsts.shirazu.ac.ir 

 
Applications of microwave oven and microwave furnace heat resources on 
phase transformation: A research study on red sediment placer ilmenite 

 
S. Sai Srikant1*, P. S. Mukherjee2 and R. Bhima Rao3 

 
1Department of Electronics and Communication Engineering SRM University,  

Modinagar, Ghaziabad, 201204, India 
2IMMT-CSIR, Bhubaneswar 751013, India 

3Aryan Institute of Engineering and Technology, BPUT University, Bhubaneswar, Odisha, India 
E-mail: satya.srikant@gmail.com 

 

Abstract 

Microwave energy has potential for the efficient heating of minerals. Minerals or materials, which couple to 
microwave energy are called dielectrics and many valuable minerals are found to be dielectric. The mineral 
ilmenite is one which shows good dielectric heating characteristics. In this paper, the effect of microwave heat 
energy on the partial reduction of oxidized ilmenite oxidized in a conventional muffle furnace at 900°C for 3 hours 
is attempted. Carbon as an additive was used for reduction of ilmenite at different time intervals using microwave 
oven as well as microwave sintering furnace. The results indicate that at one minute, the metallic iron formed 
contained 0.39% and no observation in mineral phases was observed from microwave oven. At three minutes 
duration, a partial phase transformation of ilmenite was observed and the metallic iron contained is 1.65%. 
Interestingly, at six minutes duration a distinct metallic iron phase containing 32% metallic iron is seen in 
microwave oven. The result of preliminary investigations from microwave sintering furnace indicates that apart 
from metallic iron phase, the distinct Titania phase was also observed. Further studies are in progress. 
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1. Introduction 

Microwaves are a form of electromagnetic energy 
with associated alternating electric and magnetic 
fields in the range of 300MHz-300 GHz. 
Microwave oven and microwave sintering furnace 
are designed to resonate at the microwave 
frequency thereby producing an equal and even 
energy distribution.  

The heat is produced in the food itself by induced 
agitation of its molecules during microwave 
cooking of food (organic matter). When a 
microwave signal passes through the food, it aligns 
the polar molecules parallel to the direction of the 
wave. Within a fraction of a millionth second the 
signal reverses itself accordingly. This flip flopping 
results in considerable molecular friction. This 
friction generates heat and heat cooks the food 
(organic matter).  

Microwave sintering furnace and microwave 
oven also have a wide range of applications in 
mineral technology, metallurgy, etc. It is an 
established fact that microwave energy has potential for 
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the speedy and efficient heating of minerals and in 
a commercial context may provide savings in both 
time and energy. Literature review reveals that 
there are many specific applications of microwave 
heat energy on minerals for selective liberation of 
minerals or phase transformation of minerals or 
enhancement of magnetic properties or 
comminution properties etc., (Kelly and Rowson, 
1998; Bhima Rao and Patnaik, 2004). In microwave 
heating of minerals, the materials which couple to 
microwave radiation are termed as dielectrics and 
contain dipoles (Bhima Rao and Patnaik, 2004; 
Sandish, and Worner, 1996). These dipoles align 
themselves in an applied electric field and will flip 
around in an alternating electric field. As a 
consequence, the material will be heated as the 
stored internal energy is lost to friction. This energy 
mode conversion has the advantage of being 
selective to individual mineral phases within a mass 
(Bhima Rao and Patnaik, 2004; Sandish and 
Worner, 1996). 

Many valuable minerals are found to be 
dielectrics. However, once the ferrous iron is 
oxidized to ferric iron, its ability to form dipoles is 
lost and it will not heat without the use of reducing 
agent (Bhima Rao and Patnaik, 2004; Srikant et al., 
2011; Lei et al., 2011; Pickles, 2009; Haque, 1999). 
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