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ABSTRACT 

The application of Microwave Energy (Electromagnetic Energy) in material processing is not new, 

however everyday newer applications are emerging in this field, establishing microwave processing 

as one of most sustainable and novel processing methods as it has distinct advantages over various 

conventional material processing means. With the development of microwave hybrid heating (MHH) 

and Selective heating mechanism, that optimally combine microwave sources with conventional 

source to balance process variables such as required power, process flow, processing time, tooling 

requirements, etc., make the process more versatile to almost all types of materials like polymers, 

ceramics, bulk pure metals and its alloys, non-metals, composite materials like Metal Matrix 

Composites (MMC), Ceramics Matrix Composites (CMC), and Polymer Matrix Composites (PMC), 

cermets, fiber reinforced plastics, functionally graded materials, and many more. With the 

development of various MMC, their sustainable processing techniques should also have to develop). 
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INTRODUCTION 

The use of advanced materials in engineering structures, aerospace, automobiles industries and 

nuclear plants is increasing day by day ,  and selection of environmental friendly  manufacturing 

processes for these material is a big challenge for us.. Complex heating characteristics [1] of these 

materials significantly influence their transformation to useful products. Microstructure of the grans 

and various properties affected if heat is directly focus on the material, because of high thermal 

gradient [4]. Thus the industries are looking forward for new and improved processing techniques, 

which can be used for a wide range of materials including ceramics, metallic, nonmetallic and 

composites. The thrust for lowering the environmental degradations and higher energy efficient 

processing methods lead researchers to focus on processing methods which consumes less power and 

processing time and yet produce high quality products. The unique characteristics of microwaves led 
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the researchers to explore the potential of microwave heating in various areas. Recently, lot of 

research is going in the field of joining of material using microwaves and applications are still 

increasing [2]   

 In this my aim is to discuss, how microwaves are generated, introduce the fundamental nature 

of microwaves, how they interact with materials, how these interactions generate processing heat and 

what are the major problem associated with microwave processing specially with metallic and 

composites materials. 

Introduction to Microwave 

The microwaves are the part of the electromagnetic (EM) spectrum in which electric and magnetic  

waves propagate perpendicular to each other with wavelength ranging from 1m to 1mm , with 

frequency ranging between 300 MHz and 300 GHz ., which represents the small region of whole EM 

spectrum [3]. Microwaves have longer wavelengths and lower available energy quanta than other 

forms of electromagnetic energy such as visible, ultraviolet or infrared light and shorter wavelengths 

and higher available energy quanta than radio waves as shown in Fig.1. This range of frequency 

allows microwaves to be used in a various applications including communication systems, food 

processes, medical purposes, industrial heating, material processing etc.[5]. The common frequency 

on which domestic microwaves in India operates is 2.45 GHz, which is primarily used for heating 

foodstuffs. The furnaces have been developed for material processing. 

 

Fig. 1. Electromagnetic spectrum with frequencies and wavelengths indicating microwave range 

 EM radiation is propagated in waves at different wavelengths and frequencies. This wide 

range of wavelengths is to be called as the electromagnetic spectrum (EM spectrum). EM spectrum is 
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generally divided into seven regions in order of decreasing wavelength and increasing energy and 

frequency. These are radio waves, microwaves, infrared (IR), visible light, ultraviolet (UV), X-rays 

and gamma-rays. Microwaves fall in the range of the EM spectrum between radio and infrared light. 

The primary applications of microwaves were involved in communication systems including 

RADAR, satellite communications and television broadcasting. The heating effects of microwaves 

were accidently discovered by Spencer and in the year 1945 the first patent [6] of microwave oven for 

heating purposes was filled. The microwave oven over the time become one of the popular house hold 

item for carrying out heating of foodstuffs due to the features of higher heating rate, low processing 

time and lower energy consumptions. These favorable and unique characteristics of microwaves 

attracted many researchers towards the possibilities of processing different materials using microwave 

heating phenomenon. 

Mechanism of microwave heating 

Theoretical studies 

The heating of materials takes place by direct absorption of microwaves throughout the volume of 

material as shown in Fig. 2. However, the effective and efficient heating of materials via microwave 

radiations depends upon the physical properties of the materials and these properties plays a dominant 

role in deciding the process ability of materials by microwaves. The transparent materials such as 

glass do not absorb microwaves and readily allows them to pass through without any loss and hence 

no heating takes place. On the other hand, bulk metallic conducting materials do not allow 

microwaves to pass and neither absorbs but causes reflection from surface. This leads to the plasma 

formation and causes surfacial heating of the body. However, third class of materials, mainly known 

as microwave coupled materials (dielectric material) readily absorbs the microwaves and converts 

these radiations into heat. This generation of heat is a complex phenomenon which occurs mainly by 

the dipolar loss or reorientation mechanism. When material is subjected to microwaves then electric 

and magnetic fields alternates 2.45 billion times in a second and this causes rotation of dipoles. 
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                  Fig. 2.  Mechanism of conventional heating and microwave heating 

Parameters play a drastic role in joining of metals using microwave energy. Microwave heating of 

materials sometimes create problem of temperature gradient that can give rise to temperature gradient. 

Non uniformity temperature which leads cracking and non-uniform properties of the materials. 

Several attempts were made to reduce temperature gradient including the use of insulation but it was 

found not successful [6].The material which help in transmitting heat is susceptor. The function of 

susceptor is describe below:  

Microwave susceptor:  Susceptor are good absorber, it absorb energy and change into heat. Till 

critical temperature, material is heated at which it absorb microwave energy through conduction, 

convection or radiation. The function of Susceptor are. 1) Heated the materials 2) Barrier to transmit 

the heat.  Susceptor material which are used as charcoal powder, silicon carbide (SiC), carbon (C) and 

magnetite (Fe3O4) [7]. Susceptor material helps in material-microwaves interaction through 

microwave hybrid heating (MHH). Charcoal powder is most commonly used susceptor that shown in 

Fig.3. These include improving the heating uniformity, reducing temperature gradient, solving the 

problem of thermal runaway, reducing processing time and saving energy [8]. 
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Fig. 3. Activated charcoal as susceptor 

Importance of microwave heating 

It has been observed that, with microwave energy processing, most materials can be heated instantly, 

homogenously with a low cost and with greater control than the conventional methods, microwave 

processing has the edge over other techniques of processing in the following aspects [9]: 

 Energy savings 

 Rapid and uniform internal heating 

 Precise and controlled heating 

 Potentiality to process materials which are difficult with conventional processing. 

 Selective heating 

 Volumetric homogeneous heating.  

 Less process times  

 Improved properties  

Properties which are improved in microwave heating  

There are certain distinct advantages of using microwaves in heating processes. The characteristics of 

lower energy consumptions coupled with higher heating rates and lower processing times, led 

microwave heating as one of the challenging process in material processing. The main advantages of 

microwave material processing involves better microstructures, lower defect formation, higher 

efficiency with reduced energy consumptions and lower cost of heating in comparison to conventional 

heating. The advantages of microwave processing are as follows: 
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Density: The density of powder compaction decides the properties of the finished product. Higher the 

density of processed material, lower will be the defects mainly in terms of porosity. Due to uniform 

heating and volumetric heating of product, the densities obtained are higher in case of microwave 

sintered or processed parts. The compacts sinterability takes into account the effect of initially pressed 

density values, which can be related in terms of normalized, dimensionless densification parameter 

[10]. 

Lower Power consumption: The microwave heating of materials involves direct absorption of 

radiations by materials, then converts it into heat energy, and leads to volumetric heating of materials. 

The literature has reported that microwave heating of materials consumes 10–100 times less energy 

and 10–200 times lesser processing times compared to conventional methods of material processing 

[11]. 

 

Microwave Joining of metals 

A comprehensive review on the developments in the area of microwave heating applications has been 

reported by Osepchuk (1984). Economic aspects of using microwaves are being debated for long. 

Tinga and Voss (1968) first reported the use of microwave for joining of ceramics. According to 

Nishitani (1979) [16] by adding a few percent of electrically conducting powders such as aluminium, 

the heating rates of refractory ceramics can be considerably enhanced. Walkiewicz et al. (1988)[17] 

likewise simply exposed a range of materials, including metals to a 2.45GHz field, and reported 

modest heating in the range from 120ºC to 768ºC. Whittaker and Mingos (1995) used high exothermic 

reaction rates of metal powders for microwave-induced synthesis of metal sulphides. Sheinberg et al. 

(1990)[19] heated copper powders coated with CuO to 650ºC but did not report any joining of them. 

Narasimhan et al. (1995)[18] succeeded in heating Fe alloys in a microwave oven only upto 370ºC in 

30 minutes.  

Table. 1 Comparison of material joining using various techniques 

Zhou et al., 2009[12] Joining of W-Ni at varying 

heating rate 

Best combination of the 

microstructure and mechanical 

performance 

Mondal et al., 2008[12] Joining of W-15Cu No crack, good densitification 

Padmavathi et al.,2008[13] Joining of  (316L) and ferritic 

(434L) stainless steel grades 

Corosion properties improved,  

good densification 

Gupta et al., 2005[14] Joining of different metal- (Al, 

Mg, Solder alloy) 

Shows better properties in 

microwave sintered than 

conventional 

Bollina Ravi and German 

Randall M., 2004[14] 

Joining of W–Ni–Fe heavy 

alloys. 

Good densitification 



 

206 | P a g e  

Mondal et al.2008,[14] Joining of premixed and pre 

alloyed 90W-7Ni-3Cu 

Result shows higher density, 

microhardness and fine 

microstructure without micro 

cracks 

Rodiger K. et al, 1998[14] Joining of WC-6Co Some platelets are present in 

metal matrix which of size 0.6 

μm. 

Saitou K., 2006[15] Joining of Fe, Co, Ni, Cu and 

316L stainless steel 

Good porosity 

Sunil Ratna B. et al., 2009[15] Joining of micro and 

nanocrystalline WC-12 

Slightly better properties when 

compared to conventional 

joining. 

 

. 

Padmavathi C. et al.,2007[20] 

Joining of pure Cu and Al Results shows higher 

densification, higher corrosion 

resistance specially at 1200°C 

 

Future scope in microwave processing 

1.  Research on complex shape is not carried out through microwave energy processing.      

2.  Joining of dissimilar metal can be done. 

3. With the help of microwave energy processing, welding of casting with a good properties and 

lower defect can be obtained.   

Conclusion:- 

Microwave energy processing is accepted worldwide due to the following advantages:-  

1. Good mechanical and physical properties achieved by microwave energy processing. 

2. With the microwave energy processing, various metal and their alloy can be processes. 

3. Less heat rate is required than conventional method. 

4. Joining process required less energy than conventional method. 

5. lesser power is required for the hybrid heating. 
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