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Abstract— The microwave heating technology began with 

heating foodand later on extending applications to the 

processing of a widevariety of materials, like ceramics, 

polymers and composites;now offers wide applications in 

the area of metallic materialprocessing too. The microwave 

processing of materials is a relatively new technology that 

provides new approaches to improve the physical properties 

of materials; provides alternatives for processing materials 

that are hard to process; reduces the environmental impact 

of materials processing. Thegrowing interest is partly the 

result of increased awareness among scientists, processing 

engineers, and potential usersabout the benefits of 

microwave processing. Microwaves formetallic material 

processing are a challenging area of researchowing to 

reflection of electromagnetic waves by most of themetals at 

ordinary conditions. 
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I. INTRODUCTION 

The spectrum of electromagnetic waves spans the range 

from a few cycles per second in the radio band to 1020 

cycles per second for gamma rays .Microwaves occupy the 

part of the spectrum from 300 MHz (3 × 108 cycles/s) to 

300 GHz (3× 1011 cycles/s). Within this portion of the 

electromagnetic spectrum there are frequencies that are used 

for cellular phones, radar, and television satellite 

communications. For microwave heating, two frequencies, 

reserved by the Federal Communications Commission 

(FCC) for industrial, scientific, and medical (ISM) purposes 

are commonly used for microwave heating. The two most 

commonly used frequencies are 0.915 and 2.45 GHz. 

Recently, microwave furnaces that allow processing at 

variable frequencies from 0.9 to 18 GHz have been 

developed for material processing. Microwaves delivering 

energy exactly where it is needed even under exothermic 

conditions [4]. 

Microwaves were principally used for 

communication. In 1950, the use of microwave energy to 

heat materials was discovered. In the past, microwave 

heating has been successfully used in the following fields: 

tempering meat, preheating rubber slugs, vulcanizing 

rubber, precooking bacon, drying pasta, drying crushed 

oranges, etc. Such industrial applications are centered on 

relatively low temperatures. Beginning in the late 1980s, 

there was growing interest in high temperature microwave 

processing of materials. With some successful applications 

at laboratory scale, for example, sintering of ceramics, 

microwaves are justified as a potential heating mechanism 

to replace some conventional heating methods. The potential 

applications have attracted more researchers to this field [1]. 

 

II. MICROWAVE PROCESSING: FUNDAMENTALS AND 

APPLICATIONS 

E.T. Thostenson and T.W. Chou presented paper on 

“Microwave Processing: Fundamentals and   Applications”. 

In that paper they studied that from the last 20years; the 

microwave oven has become an essential appliance in most 

kitchens. Faster cooking times and energy savings over 

conventional cooking is one of the most successful 

advantage. Although the use of microwaves for cooking 

food is worldwide, the application of this technology to the 

processing of materials is a relatively new development. The 

use of microwave energy for processingmaterials has the 

potential to offer similar advantages in reduced processing 

times and energy savings. In conventional thermal 

processing, energy is propagated through material by 

convection, conduction, and radiation of heat from the 

surfaces of the material. In contrast, microwave energy is 

delivered directly to materials through molecular interaction 

with the electromagnetic field. In heat transfer, energy is 

transferred due to thermal gradients, but microwave heating 

is the transfer of electromagnetic energy to thermal energy 

and is energy conversion, rather than heat transfer [1]. 

III. EXPERIMENTAL AND THEORETICAL INVESTIGATION ON 

MICROWAVE MELTING OF METALS 

S. Chandrasekaran et.al published paper on “Theoretical 

Investigation on Microwave Melting of Metals.” They stated 

that Melting metals in conventional furnaces like cupola 

furnace, blast furnace, crucible furnace etc. consumes 

significant amount of energy along with possibilities of 

material and energy losses. In order to overcome the 

inherent disadvantages of conventional melting, advanced 

melting technologies such as electron beam melting, 

infrared melting, plasma melting, microwave melting, solar 

melting etc. can be preferred according to the specific 

requirements and applications. Microwave heating receives 

considerable attention due to its major advantages such as 

high heating rates, reduced processing time, low power 

consumption and less environmental hazards .During 

microwave heating, large amount of heat may be generated 

for a lossymaterial throughout the volume, whereas for 

conventional heating, the material is heated through an 

external heat source and subsequent radiative transfer. 

Microwave melting of tin, lead, aluminumand copper 

wasaccomplished at high heating rates, within clean and 

controlled processconditions. The melting time for lead and 

tin were not affectedby the increase in load up to 150 g 

irrespective of the power levelused. On comparing with a 

conventional furnace, microwave meltingwas found to be 

twice faster, consume less energy and safer tohandle. The 
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experimental results were modeled by lumped 

parametermodel using a heat source which varies cubic in 

nature withtemperature. The model predictions agree well 

with the experimentaldata at all temperatures and process 

conditions [2]. 

IV. MICROWAVE VERSUS CONVENTIONAL SINTERING: A 

REVIEW OF FUNDAMENTALS, ADVANTAGES AND 

APPLICATIONS 

MortezaOghbaei and OmidMirzaee presented paper 

on“Microwave versus conventional sintering: A review of 

fundamentals, advantages and applications.”They studied 

that Powder metallurgy is a process in which material 

powder is compacted as a green body and sintered to a net 

shape at elevatedtemperatures about 0.6–0.8Tm. There are 

challenging demands from the PM industry for new and 

improved sintering processalong with finer microstructures 

and enhanced physical and mechanicalproperties. Here is 

the microwave technology is found tobeneficial. Microwave 

energy has been in use for variety of applicationsfor over 50 

years. These applications include communication, 

foodprocessing, wood drying, rubber vulcanization, medical 

therapy,polymers, etc. Use of microwave technology in 

material scienceand processing is not new. The areas in 

which this technologyhas been applied include: process 

control, drying of ceramicsanitary wares, calcinations, and 

decomposition of gaseous species by microwave plasma, 

powder synthesis, and sintering.Microwave processing of 

materials was mostly limited until 2000 to ceramics, 

semiconductors, inorganic and polymeric materials. There 

was a misconception between researchersthat all metals 

reflect microwave or cause plasma formation, and hence 

cannot be heated, except exhibiting surface heating due to 

limited penetration of the microwave radiation. The 

researchers did not notice that this relation is valid only for 

sintered or bulk metals at room temperature, and not for 

powdered metals and/or at higher temperatures.Now it has 

been found that the microwave sintering can also be applied 

as efficiently and effectively to powdered metals as to many 

ceramics. This paper compares advantages of microwave 

sintering against conventional sintering and presents some 

applications confirming its advantages. Microwave sintering 

has achieved worldwide acceptance due toits significant 

advantages against conventional sintering methods[3]. 

V. MICROWAVE POWER APPLICATIONS 

John M. Osepchukstated that the practical uses of 

electromagnetic energy at microwaveand radio frequencies 

have been almost exclusively in thecategory of processing 

of information or communication,e.g., broadcasting, 

communication radar, etc. Only in the lasthalf-century has 

there arisen significant “power applications”in which 

microwave energy is used to interact with materialsfor some 

end benefit, e.g., microwave diathermy or 

microwaveheating. Recognition of this use of the 

electromagnetic spectrumwas slowly recognized by 

authorities who regulate theuse of the spectrum 

VI. MICROWAVE PROCESSING OF MATERIALS 

David E. Clark and Willard H. Sutton published a research 

paper on “Microwave Processing of Materials”. There are 

some major applications of microwave heating process 

which can be used for industrial purpose, they are elaborated 

as follows. 

A. Sintering: 

Sherritt, Inc. has used the microwave advantages of 

deeppenetration and uniform heating to produce Si3N4 

cutting tool inserts.Scale-up of this process to a commercial 

level (over 500 inserts/24 h) resulted in improvements in 

both efficiency and product quality.The specific energy 

requirement was 3.6 kw.h/kg, which is about afactor of ten 

less than the conventional electric furnace process. 

Themicrowave-processed tool inserts have a finer grain size, 

less surfacedegradation, and more uniform microstructure 

than those conventionally processed, all of which resulted in 

improved machining performance [5]. 

B. Joining: 

Complex-shaped products are formed by joining several 

components.Two joining techniques have been investigated 

using microwaveenergy: direct joining and the use of a 

suspecting interlayer Reaction-bonded and sintered Sic 

specimens have been joined directly using both single and 

multimode applicator. Here the materials which can be 

joined are plastics, copper, ceramics etc.The most 

widespread use of microwaves in chemistry is in the 

analyticallaboratory, where the microwave has been adapted 

to rapidly performthe dissolution of all types of materials for 

chemical analysis andfor moisture determinationOther 

examples where microwave processing has been scaled-up 

and/or commercialized include slip setting and drying of 

ceramic castings, Regeneration of activated carbon for use 

in gold mining, waste remediation, epoxy curing and 

diamond films, meat tempering, bacon cooking,Pasta 

drying, pasteurization sterilization and pharmaceutical 

drying[5] 

C. Cladding: 

Nickel titanium (Ni-Ti) plate of 1.2mm thickness was 

successfully clad on AISI 316L stainless steel substrate by a 

microwave-assisted brazing process. Brazing was conducted 

in a multimode microwave oven in air using a copper-based 

brazing material in tape form. The brazing material was 

melted in a few minutes by microwave-induced plasma 

initiated by conducting wires surrounding the brazing 

assembly.Metallographic study by scanning-electron 

microscopy (SEM) and compositional analysis by energy-

dispersive spectroscopy (EDS) of the brazed joint showed 

metallurgical bonding formed via inter-diffusion between 

the brazing filler and the adjacent materials. A shear 

bonding strength in the range of 100–150MPa was recorded 

in shear tests of the brazed joint. SEM and X-ray diffraction  

(XRD) analysis for the surface of as-received Ni-Ti plate 

and Ni-Ti cladding showed similar microstructure and phase 

composition[6]. 

D. Glazing: 

Here we consider,microwave processing of plasma-sprayed 

alumina–titania ceramic composite coatings. Alumina–

titania composite coatings of 0.9-mm thickness was 

developed using atmospheric plasma spraying facility on 

steel substrate with Ni–Al interfacial bond coating.. The as-

sprayed coating was diamond ground to obtain the desired 
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surface finish (Ra=1.3 micro m) prior to microwave 

irradiation. A conventional multi-mode cavity type 

microwave heating equipment (model: NC 5054 D) was 

used. The frequency of microwave radiation was 2.45 GHz. 

Specimens of size 10*10*6 mm with masked metallic 

substrate were exposed to microwave radiation in charcoal 

environment. Ceramics are transparent to microwave 

radiation at low temperature. However, charcoal absorbs 

microwave leading to rise in temperature thereby enabling 

ceramic composites to absorb microwaves. This will 

facilitate hybrid heating of spray deposits. To ensure 

effective glazing of the surface, the specimens were 

irradiated for 30 min [7]. 

VII. INDUSTRIAL MICROWAVE HEATING 

Metaxas, A. C. And Meredith, R. J Stated that the following 

are the some applications of microwave heating process. 

A. Pre-Heating for Rubber Vulcanization: 

The temperature of rubber extrusions can be instantly and 

uniformly brought up with the help of microwave energy to 

the required level, for cross-linking of the bonds to 

commence. The further  process is then carried out using hot 

air or infra-red energy Apart from continuous vulcanization 

using modular systems, microwaves have been used in batch 

systems on a small scale as well as  in multi-magnetron 

systems to heat blocks of rubber of up to several hundred kg 

in weight [8]. 

B. Drying: 

The materials from textiles to ceramics and from coated 

paper to leather have been dried using microwaves, usually 

in combination with conventional systems. Other examples 

include the drying of onions, snack foods fabrics, leather, 

ceramic cores and moulds and ceramic wares [8]. 

C. Vacuum Drying: 

There are some materials which are heat sensitive and 

cannot be dried at atmospheric pressure. Hence it is 

necessary to reduce the pressure to reduce the boiling point 

and effect drying at a reduced temperature. A modest 

vacuum around 100-200 mm Hg is necessary where the 

formation of a microwave plasma or arc can still be avoided; 

examples of such mode are the drying of fruit juices, 

beverages, drugs and pharmaceutical pellets[8] 

VIII. CONCLUSION 

Now days the population of every country goes on 

increasing therefore energy consumption of every human 

being is also goes on increasing .Hence it is require to save 

the energy. The message regarding the saving of energy is 

also published via the medium like T.V. Radio Newspaper. 

In developing countries like India the energy 

demand is also goes on increasing for conventional as well 

as Industrial applications. In Industry for various heat 

treatment processes, company uses conventional energy 

sources like coal, diesel etc., but these sources are limited 

and destroying after few years. 

There is also advance technology used in industry 

for heating processes such as Electric furnace which also 

consumes more power. Therefore use of Microwave furnace 

with some additional materials for increasing the efficiency 

of the system. It leads to saves the energy requirement of the 

heating processes, it reduce the cost and time too. 
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