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Abstract— This paper review the research carried out in the 

field of microwave joining of similar and dissimilar 

materials in the past decade by various authors. The research 

in the Field of microwave joining had taken a great leap in 

the past decade, previously it was only limited to food 

processing, but due it special characteristics like selective 

heating, volumetric heating and inverted heating profile its 

has been introduce in the field of the microwave joining of 

materials and it also has an edge over conventional methods. 

Microwave energy has been generally used in many 

industries like medical, food processing, drying but it 

relatively new in the field of material joining. 
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I. INTRODUCTION 

Microwaves are the part of electromagnetic spectrum 

ranging from frequency of 300GHz to 300Mhz and 

wavelength of 1mm to 1 m respectively. Mankind known it 

from 19
th

 century but the first use of microwave was 

documented in 20
th

 century for radio frequency antennas. In 

mid 70’s microwave is known to use for food processing but 

Osepchuk had explained the basics of microwave heating 

and presented a brief history of application of microwave 

energy [1]. Later Sutton introduce a novel method of 

microwave processing of material [4]. Most of the notable 

work in the field of microwave processing of material in late 

20
th

 century was done in the area of sintering, brazing and 

most of its work was confined in the area of ceramics but in 

recent years it has been use in joining of similar and even 

dissimilar metals. It is a fast developing technique and quite 

economical than conventional methods of joining materials 

because it consume less power to join material. In 

microwave selective heating takes place and the heat is 

generated inside the material rather than on the surface like 

in conventional methods which leads to volumetric heating 

of material and inverted heating profile is generated. 

Because of this selective and localized heating heat effected 

zone HAZ is very small and defects during processing get 

reduced. Authors also reported the huge saving in power 

consumption and processing time by comparison with 

conventional methods. 

II. THEORETICAL BACKGROUND 

Microwave irradiation consists of both electric and magnetic 

field and they are coherent and polarized in nature. 

Microwave can be transmitted, absorbed or reflected as it 

obeys laws of optics also. There are numbers of mechanisms 

by which the microwaves couples with material like eddy 

current loss, electric loss, hysteresis loss and resonance loss. 

These mechanisms determine the ability to convert 

microwave irradiations into heat in a material. The increase 

in temperature of material under the influence of 

microwaves irradiations is given by eq (1.1) 
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 The other factors that play crucial role in heating is 

dielectric property of material, it is the property of material 

to get polarized in the presence of electric field and start 

heating [5]. There are two important parameters by which 

the dielectric property of material interacts with microwave 

that are power absorbed (P) per unit volume of sample is 

given by eq (1.2) 

                                             
                           (1.2) 

 and depth of penetration or skin depth (D), skin 

depth in a conductive material is the depth of penetration of 

the magnetic field (as well as the current density) at which 

its value decreases by 1/e of its surface value [5]  

                                        √
 

     
                                 (1.3) 

III. LITERATURE REVIEW 

M. Shrinath, Apurbba Kumar Sharma, Pardeep Kumar [7] 

Investigate that microwave joining of highly thermal 

conductive materials like copper, which is quite technically 

challenging. Joining of bulk copper has been carried out 

using microwave irradiations in a multimode applicator at 

2.45 GHz and 900 W. susceptor material used is slurry of 

charcoal to assist microwave hybrid heating (MHH). Copper 

coins having dimensions 15mm x 12mm x 4mm and 

microwave heating for 900 s of exposure time. A interface 

layer of copper powder with approximately 0.5 mm 

thickness was introduced between the two applicant 

surfaces. Characterization of the joints has been carried out 

through microstructure study, micro hardness survey, 

porosity measurement and tensile strength testing. X-ray 

diffraction (XRD) pattern indicates that some copper 

powder particles got transformed into copper oxides. A 

dense uniform microstructure with good metallurgical bonds 

between the sandwich layer and the interface was obtained. 

The hardness was observed to be 78 ± 7 Hv, while the 

porosity was 1.92%, the average ultimate strength of 

164.4MPa was observed. 

 

Fig. 1: Fusion of Molten Particles with Bulk Material 
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 M. Shrinath, Apurbba Kumar Sharma, Pardeep 

Kumar [8] Reported that microwave welding of Mild steel 

(MS stainless steel (SS-316) in bulk form has been 

effectively carried out using a microwave multimode 

applicator at 2.45 GHz and 900 W. A nickel based metallic 

powder was used as a interface layer between the bulk 

pieces. 

 
Fig. 2: Illustration of Process of Microwave Hybrid Heating 

 The characterization of joint is carried out using 

field emission scanning electron microscope (FESEM), X-

ray diffractometer, micro hardness tester and universal 

testing machine. Microstructure study showed the interface 

surfaces were fully fused and got bonded on either side of 

the substrate material. The average micro hardness of center 

of the joint area was observed to be 133 Hv with 0.58% 

porosity. The ultimate tensile strength of the joint was found 

to be 346.6 MPa with percentage elongation of 13.58% . 

 

Fig. 3: Dog Bone Shape Sample for Tensile Testing 

 Roberta Rosa, Elena Colombini, paolo Verones, 

Giorgio Poli, Cristina Leonelli [9] Showed that the 

microwave energy can be used to ignite combustion 

synthesis (CS) reactions in order to join dissimilar metals 

rapidly by using specially designed powder mixture as an 

interface material. Author reported the joining of titanium 

and Inconel with the help of combustion synthesis and the 

cross-section of weld joint shows the diffusion of aluminum 

from intermetallic phase to the Inconel (Ni based super 

alloy), formation of ceramic likes SiC between the interfaces 

was also reported. The adhesion of dissimilar material and 

powder is due to the absorption of microwave radiations. 

Numerical simulation of whole process was also done to 

validate the experimental data. 

 Ajay Kumar, Prateek Gupta, Sudhir Kumar [10] 

Studied the joint produced between mild steel and stainless 

steel by tungsten carbide bearing alloy through microwave 

welding. The experiment was carried out successfully in 

microwave multimode applicator of frequency 2.45GHz and 

900w power. The author characterizes the quality of joint 

using XRD, SEM, Microhardness, tensile test and 

elongation. Microhardness show very less porosity, a fully 

fused interface layer and no cracks. Ultimate tensile 

strength, elongation and microhardness of joint are 

340.16MPa, 11.67%, and 130Hv respectively. XRD sample 

shows the formation of NiSi and FeNi, which improves the 

quality of the joint, and improve the coupling of microwave 

with interface material.  

 YingnaZhao, Xiongfeng Zeng, Guiquin Hou, 

Wenli Zhang [11] investigate the joining of Al203 ceramics 

using Nano metric Si powder as an inter layer material. 

Slurry of Nano-Si powder mixed with alcohol is placed as a 

sandwich between the butt joint of 95-Al2O3. Taking into 

account the thermal loses the joint is embedded in the 

compacted aluminum oxide, more over the Al2O3 ceramic 

annulus above the joint provide the extra pressure to 

encourage adhesion. The interface reaction of Al with Si and 

inter diffusion of atomic species enhances the quality of 

joints. The consistency of microstructure and micro 

hardness near the sandwich layer of joint material benefit for 

high temperature, high wear and corrosion resistant material 

applications. 

 Roberto Rosa et al. [12] Developed a novel 

technique of joining of engineering ceramic silicon carbide 

(SiC) by microwave assisted combustion synthesis. Loose 

powder and Compacted discs of Ti:Si:C  having(1:1:1) 

atomic ration cooled pressed at 560MPa were used as a 

sandwich layer between silicon carbide substrate, the whole 

setup was subjected under the 2.45GHz frequency of 

microwave radiations having power output of 300w to 

3000w. Rapid heating of substrate and disc take place due to 

absorption of microwave energy. The SEM images shows 

that the compact disc powder shows less porosity as 

compare to the loose powder and better homogeneity. The 

formation of oxides (TiO2 and SiO2) inside the welded joint 

improved the strength of the welded joint, and formation of 

these oxide is due to the controlled atmosphere inside the 

apparatus. Numerical simulation was also carried out by 

author to get the heat absorbed by the materials during 

process and temperature of weld joint during different 

intervals of time, which is  quite difficult during ongoing 

experiment .  

 Arpita Roychoudhry, Vinay Sharma [13] Analyze 

the microwave welding of thermoplastic with the 

contemporary method of welding using prioritization matrix. 

Author found out that the interaction of microwave radiation 

with the material is largely ruled by the dielectric property 

of that material. Microwave welding inhabit higher spot 

above all other welding use in joining of thermoplastics 

because of it some advantages like selective heating, 

inverted heating profile, uniform and volumetric heating, 

short processing time, precise and controlled heating. 

Reduction in hazardous emissions had also been observed. 

Microwave welding provides an environmental friendly, 

cheap and time saving method of joining thermoplastics. 

 Sudhir Kumar, Parteek Gupta  [14] Investigate the 

microwave irradiations fabricated joint of stainless steel 

using 99% pure Ni based powder (EWAC) mixed with resin 

as an interface between substrate. Initial coupling was made 

through using charcoal as susceptor material. Due to the 

volumetric heating nature of microwave a completely fused 

interface layer with the base metal had been formed. XRD 

analysis shows the formation of NiSi, CU2Si, FeSi2, which 

help in increasing the strength of joint. Ultimate tensile 

strength of 323.16 and elongation of 11.30% had been 

observed. The microstructure reveals that there is very less 

porosity and no cracks. 
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Fig. 4L SEM Images of Weld Bead in Stainless Steal Joint 

 Shashi Parkash Dwivedi, Satpal Sharma  [15] 

Examined the effect of process parameter on tensile strength 

of 1018 mild steel joint formed by microwave irradiations.  

The parameters that author varied during experiment was 

rated power 800, 850, 900w time period and temperature 

-Behnken design was used to 

reduce the number of experiment runs and maximize the 

value that yields the maximum tensile strength was rated 

power of 800w, weld time of 1000s and welding 

increase in rated power the tensile strength of joint decreases 

but it increase with increase in time  

 Ravinder I. Badiger, S. Narendrnath, M.S. Srinath 

[16] Showed a new way of joining Inconel-625 with the 

help of Ni based alloy as a sandwich layer between the 

substrates using microwave multimode applicator at 2.45 

GHz and 900W. Microwave hybrid heating had been used 

for initial coupling of microwaves with substrate material 

using charcoal as suspector material. The characterization of 

joint has been carried through XRD, SEM and 

Microhardness survey. Formation of carbides in XRD 

sample shows better coupling of microwaves with material, 

SEM images shows the fully fused border with out visible 

interfacial cracks and refined grains near the joining area. 

The average micro hardness of 360±20HV and ultimate 

tensile strength of 328MPa had been reported. 

 
Fig. 5: SEM Images of Completely Fused Interface 

IV. CONCLUSION 

Microwave welding has huge potential over conventional 

joining method. Due to the growing concern over the 

environmental issue this method has proved to ecofriendly 

and has less carbon footprints than conventional methods. 

Because of its rapid heating of material because of its 

inverted profile of heating, volumetric heating of material 

this method is faster than other methods. Due to the 

selective heating nature of microwave radiations this 

technique can be used in the felid heat sensitive materials 

and equipment’s those material, which are difficult to join 

with conventional methods, can be joint with microwave 

joining with altering of inherent properties. 

REFERENCES 

[1] John M. osepchuk ”A history of microwave heating 

applications” IEEE trans microwave theory technology, 

32(9), pp. 1200-1224 (1984) 

[2] John M. osepchuk “Microwave Theory technology” 

Journal of Material Processing Technology 50(3), pp. 

975-985.(2002) 

[3] Clark D.E., Sutton W.H and Lewis D ”Microwave 

processing of materials” Annual review material 

science, 26,pp. 299-301(1996) 

[4] Walter H Sutton “microwave processing of ceramics 

material” American ceramic society bulletin, 168, pp. 

376-386.(1989) 

[5] M. Oghbaei, O. Mirzaee. “Microwave versus 

conventional sintering: A review of fundamentals, 

advantages and applications” Journal of Alloys and 

Compounds Volume 494 pp. 175-189 

[6] D. Agrawal “Microwave sintering of metal powders” 

Woodhead Publishing Limited, 2013 

[7] M. Shrinath, Apurbba Kumar Sharma, Pardeep Kumar 

“A new approach to joining of bulk copper using 

microwave energy”, 32, pp. 2685–2694.(2010) 

[8] M. Shrinath, Apurbba Kumar Sharma, Pardeep Kumar 

“Investigation on microstructural and mechanical 

properties of microwave processed dissimilar joints”, 

journal of Manufacturing Processes 13 (2011) pp. 141–

146. 

[9] Roberta Rosa, Elena Colombini, Paolo Verones, 

Giorgio Poli, Cristina Leonelli “Microwave ignited 

combustion synthesis as a joining technique for 

dissimilar materials, journal of material engineering and 

performance, vol 21(5) may, pp.725-732. 

[10] Ajay Kumar, Prateek Gupta, Sudhir Kumar “Study of 

joint formed by tungsten carbide bearing alloy through 

microwave welding” material and manufacturing 

processes, vol 28 (2013) pp. 601-604 

[11] YingnaZhao, Xiongfeng Zeng, Guiquin Hou, Wenli 

Zhang “Interface reaction of joining aluminum oxide 

ceramic by microwave method”, journal of advance 

material research vol 753-755 (2013), pp. 388-391. 

[12] Roberta Rosa, Elena Colombini, Paolo Verones, 

Giorgio Poli, Cristina Leonelli, Monica Ferraris, Milena 

Salvo, Shahoua Han “Microwave assisted combustion 

synthesis in system Ti-Si-C for joining of SiC: 

Experimental and numerical result”, journal of 

European ceramics society 33(2013), pp. 1707-1719 

[13] Arpita Roychoudhry, Vinay Sharma; Microwave 

welding “A comparative analysis with contemporary 

method of welding thermoplastics based on 

prioritization matrix” international journal of scientific 

and engineering research , vol 5 issue 10 (2014), pp. 

1199-1206 



A Literature Review on Fusion Joining of Similar and Dissimilar Materials by Microwaves 

 (IJSRD/Vol. 3/Issue 05/2015/013) 

 

 All rights reserved by www.ijsrd.com 47 

[14] Sudhir Kumar, Parteek Gupta  “Investigation of 

stainless steel joint fabricated through microwave 

energy” journal of material and manufacturing process, 

vol 29 (2014), pp. 910-915 

[15] Shashi Parkash Dwivedi, Satpal Sharma  “Effect of 

process parameter on tensile strength of 1018 mild steel 

joint fabricated by microwave welding” Metalloge. 

Microstrucr Anal (2014) pp. 58-69 

[16] Ravinder I. Badiger, S. Narendrnath, M.S. Srinath 

“Joining of Inconel 625 alloy through Microwave 

hybrid heating and its characterization” journal of 

manufacturing processes, vol 18 (2015), pp. 117-123 


