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Abstract: Composite materials are employed rather than 

conventional materials to generate the special physical 

and mechanical property materials for various 

applications which are exploited to generate materials 

embedded with high strength and light weight. The 

present work surveys the literature related to the diffusion 

bonding method and usage of interlayers to improve the 

mechanical properties of the materials. An attempt is 

made to study and compare the different mechanical 

properties, with an acceptable conclusion. Also the 

related articles appearing in the international journals are 

gathered and analyzed. 

 

Keywords: Composite, diffusion bonding, interlayers, 
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1. Metal Matrix Composites (Mmc) 
 

A metal matrix composite (MMC) is composite 

material with at least two constituent parts, one being a 

metal necessarily, the other material may be a different 

metal or another material, such as a ceramic or organic 

compound. A material in which a continuous metallic 

phase (the matrix) is combined with another phase (the 

reinforcement) [1-10]to strengthen the metal and increase 

high-temperature stability. The reinforcement is typically 

a ceramic in the form of particulates, platelets, whiskers, 

or fibers. The metals are typically alloys of aluminum, 

magnesium, or titanium.[14] 

 

1.1 Using of inter layers 
 

The several kinds of interlayers have been used in metal 

matrix composites such as aluminium, nickel, copper, 

zinc, silver and etc to improve the bond strength a[15]nd 

reduce the residual stress between the metals. Normally 

pure Ni interlayers have been used to produce strong 

bonding of oxide ceramics such as Al2O3 and ZrO2. The 

Fe and its alloy interlayers have been given greater 

strengths than those reported for similar interlayers of Ni. 

Low melting temperature metals including[16] Pb,Sn and 

Zn have also been used as interlayers to bond Al because 

their easy deformation and flow during diffusion bonding 

that can rub away the surface film of Al2O3 to produce 

metal-metal contact and bonding.Cu interlayers and more 

usually coatings can also be used to promote the bonding 

Al components. Cu interlayers can be used to form high 

integrity diffusion bond between Fe components and it 

could not produce intermetallic compounds with Fe. Ag 

is used to bond the high temperature materials such as Ti 

and Ni-20Cr.[17] 

 

2. Diffusion Bonding 

 

Low-cost and high reliability material processes have 

been playing a key role in the development of advanced 

technologies for the next century. Among the considered 

material processes such as casting, plasma spray, powder 

metallurgy, bulge forming and others, diffusion bonding 

recently became a viable process in the fabrication of 

structural hardware and fluid and gas flow devices for 

aerospace and electronic industries.  

        Diffusion bonding is a solid state joining 

process[19] first developed for commercial use by 

Heatric back in the early 1980s. It is an advanced 

material process for joining metallic or non-metallic 

materials. It operates on the materials science principle of 

solid-state diffusion, wherein the atoms of two solid, 

metallic surfaces intermingle over time under elevated 

temperature. Diffusion bonding is typically implemented 
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by applying both high pressure and high temperature to 

the materials to be welded; it is most commonly used to 

weld "sandwiches" of alternating layers of thin metal foil 

and metal wires or filaments.[20] 

 

2.1 Process 
 

Diffusion bonding is performed by clamping the two 

pieces to be welded with their surfaces abutting each 

other. Prior to welding, these surfaces must be machined 

to as smooth a finish as economically viable, and kept as 

free from chemical contaminants or other detritus as 

possible. . Any intervening material between the two 

metallic surfaces may prevent adequate diffusion of 

material. Once clamped, pressure and heat are applied to 

the components, usually for many hours. 

At the microscopic level, diffusion bonding occurs in 

three simplified stages: 

● Before the surfaces completely contact, asperities 

(very small surface defects) on the two surfaces 

contact at the microscopic level and plastically 

deform. As these asperities deform, they interlink 

forming interfaces between the two surfaces. 

● Elevated temperature and pressure causes accelerated 

creep in the materials; grain boundaries and raw 

material migrate and gaps between the two surfaces 

are reduced to isolated pores. 

● Material begins to diffuse across the boundary of the 

abutting surfaces, confusing this boundary and 

creating a bond. 

 

 
 

Figure 1. Diffusion Bonding Equipment 

 

 

 

 

3. Discussions on Mechanical Properties 
 

When the different materials are added  with the correct 

proportion for producing the new material that is known 

as composite material. The different composite material 

have different mechanical properties like hardness, 

tensile strength, shear strength and etc. The  composite 

materials are produced for light weight application with 

minimum cost. The varieties of materials such as 

aluminium, titanium, copper, tungsten carbide, nickel, 

magnesium and etc. These above materials are used to 

find the tensile strength, shear strength and hardness of 

the different composite materials and these materials are 

used as a material or an interlayer for giving good 

strength to the composites in the Diffusion bonding 

method. 

 

3.1 Hardness 
 

 Hardness is defined as the Resistance of a material to 

deformation, indentation, or penetration by means such 

as abrasion, drilling, impact, scratching, and/or wear, 

measured by hardness tests such as Brinell, Knoop, 

Rockwell,  or Vickers. It is generally [31]dependent on 

ductility, elastic stiffness, plasticity, strain, strength, 

toughness and viscosity.The figure 2 shows the hardness 

exhibited by the different materials.  
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Year, Author and Reference 

Paper no 

2012,Jian Zhang et al [1] 

2012,Yiyu Wang et al [3] 

2015,Chi Wen et al [20] 

2013,M.S. Kenevisi et al [10] 

2009,A. Elrefaey, W. Tillmann 

[12] 

2014,Jiakun Liu et al [27] 

 

 

 

Author Year, Author and 

Reference Paper no 

2015,Song Wang et al [17]

2010,ZhihongZhong et al 

[18] 

2013,W.S. Liu et al [25]

2014,QiangShen et al [28]

2013,KeqinFeng et al [5]

2012,SHANG Jing et 

2011,WidodoWidjaja 

Basuki , Jarir Aktaa [23]

 

       From figure 2, it is shown that the different types of 

materials are used to form the composites in diffusion 

 

 

 

 

Table. 1 

Detail of Composite Materials Micro hardness [ HV]

Al+ Mg+ Ni 

 

244.1 

Mg+Al+Ag 225 

Zr55Cu30Ni5Al10 +Cu+ Al 507.78 

Al+Ti 152 

Ti+steel+Cu 185 

TiAl+ Ti3Sic2+ Ni 845 

 

Figure 2. Hardness 

 

Table 2 

Year, Author and 

 

Detail of Composite 

Materials 

Tensile strength 

(MPa) 

2015,Song Wang et al [17] w/cu+Fe-w  146 

2010,ZhihongZhong et al SiC/steel+W/Ni  55 

2013,W.S. Liu et al [25] W/steel+ V/Ni  362 

2014,QiangShen et al [28] TC4/ Cu+Ag 161.9 

2013,KeqinFeng et al [5] Wc-co/Ni+stainless 

steel 

195 

2012,SHANG Jing et al [9] Mg+Al 37 

2011,WidodoWidjaja 

Basuki , Jarir Aktaa [23] 

Tungsten+ 

EUROFER97 

204 

From figure 2, it is shown that the different types of 

materials are used to form the composites in diffusion  

 

bonding method and the micro hardness of those 

materials are tested. From the result it is visible that the  

micro hardness value is higher in AlmgB14 

Micro hardness [ HV] 

Tensile strength 

bonding method and the micro hardness of those 

materials are tested. From the result it is visible that the  

micro hardness value is higher in AlmgB14 – TiB2 and  
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Nb combinations which is 3780 and the aluminium with 

titanium alloy joints has got the minimum micro

value which is 152.The inter layers such as Al,Ni,Cu has 

given the moderate strength to the material. Silicon 

carbide (SiC) is a material which is withstanding in high 

temperature too. The high hardness value material is used 

in high temperature applications. When hardness is 

increased, the material cost also increased because of the 

cost of the material to be added. The minimum hardness 

material is used mainly in aeronautical engineering due to 

its high strength and light weight. 

 

3.2 Tensile Strength 
 

Tensile strength is defined as the amount of tensile stress 

a material can withstand before breaking or failing or 

force per unit area and it is measured in Units of  Mega 

Pascal(MPa).The simple formula to calculate the tensile 

strength is given in the equation 2.  

Tensile strength (TS) =

 
 

Figure 3. Tensile strength  

 

 

 Year, Author and Reference Paper no

2013,Jian Zhang et al [2] 

2008,L.M. Zhao and Z.D. Zhang [4]

2015,Wensheng Liu et al [6] 

2015,Xi Shao et al [7] 

2013,M.S. Kenevisi et al[10] 

2011,P. Eslami, A. KarimiTaheri [11]

2009,A. Elrefaey, W. Tillmann [12]

Nb combinations which is 3780 and the aluminium with 

micro hardness 

layers such as Al,Ni,Cu has 

given the moderate strength to the material. Silicon 

carbide (SiC) is a material which is withstanding in high 

temperature too. The high hardness value material is used 

rature applications. When hardness is 

increased, the material cost also increased because of the 

cost of the material to be added. The minimum hardness 

material is used mainly in aeronautical engineering due to 

Tensile strength is defined as the amount of tensile stress 

a material can withstand before breaking or failing or 

force per unit area and it is measured in Units of  Mega 

Pascal(MPa).The simple formula to calculate the tensile 

 

        The tensile strengths for different composite 

materials are taken and are plotted in a graph for finding 

the material with maximum tensile strength. From Figure 

3, it is evident that each composite material has got its 

own unique tensile strength.[36]The least value of tensile 

strength is 37 MPa for diffusion bonded Mg with Al 

joints and 55MPa for SiC/Steel joint using W/Ni 

interlayer and the moderate tensile strengt

for diffusion bonded W/Cu joints using Fe

interlayer. For diffusion bonded W/Steel joint using V/Ni 

composite interlayer, the maximum tensile strength is 

362 MPa. But the main aim is targeted at cost reduction, 

good bonding properties and improved strength of the 

composite materials.[37] 

 

3.3 Shear Strength 

 

Shear strength is defined as the ability of a material to 

resist shear force. Shear strength can be determined in a 

torsion test where it is equal to torsional strength. It is 

reported in pounds per square inch, based on the area of 

the sheared edge[21]. 

 

 

 

 

Year, Author and Reference Paper no  Detail of Composite Materials Shear Strength

(MPa)

Mg+Al+Ni 

 

25.8 

2008,L.M. Zhao and Z.D. Zhang [4] Mg+Al+Zn 82.6 

Mg+Al 6.55 

Ti+Ni 23.82

Al+Ti  36 

2011,P. Eslami, A. KarimiTaheri [11] Al+Cu 34.9 

2009,A. Elrefaey, W. Tillmann [12] Ti+steel+Cu 105.2

The tensile strengths for different composite 

materials are taken and are plotted in a graph for finding 

the material with maximum tensile strength. From Figure 

it is evident that each composite material has got its 

own unique tensile strength.[36]The least value of tensile 

strength is 37 MPa for diffusion bonded Mg with Al 

joints and 55MPa for SiC/Steel joint using W/Ni 

interlayer and the moderate tensile strength is 146 MPa 

for diffusion bonded W/Cu joints using Fe-W alloy 

interlayer. For diffusion bonded W/Steel joint using V/Ni 

composite interlayer, the maximum tensile strength is 

362 MPa. But the main aim is targeted at cost reduction, 

and improved strength of the 

Shear strength is defined as the ability of a material to 

resist shear force. Shear strength can be determined in a 

torsion test where it is equal to torsional strength. It is 

reported in pounds per square inch, based on the area of 

Shear Strength 

(MPa) 

 

 

 

23.82 

 

105.2 
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2014,Zong-hui YANG [13] 

2012,Kavian O. Cooke et al [14] 

2003,Hidetoshi Somekawa et al [15]

2008,X.J. Yuan et al [16] 

2010,Zhihong Zhong et al [21] 

2010,A.N. Alhazaa, T.I. Khan [22]

2011,WidodoWidjaja Basuki , Jarir Aktaa 

[23] 

2010,H. Sabetghadam et al [26] 

2014,Jiakun Liu et al [27] 

2012,T. Vigraman et al [29] 

2014,Navid Hosseinabadi et al [30]

 

 

Figure 4. Shear Strength 

  

         In Figure 4,the shear strengths of different 

composite materials are analyzed and the maximum shear 

strength value is 887.4 MPa which is attained by tungsten 

and EUROFER97 composites. The least value of shear 

strength 6.55 MPa belongs to the Mg-Al composit

38] in the holding time of 80mins.The advandage of 

composite material encompass various features such as 

low density,low weight,low cost,high toughness. The 

shear strength value is enhanced when using some 

interlayers between the materials.Normally a

based alloy has got the low and moderate shear strength 

values.Tungsten carbide,Graphine and steel has got the 

maximum shear strength values.It has been applied in 

automaotive ,aerospace and structural applications.

 

 

Tungsten/ Steel+Cu/w + Ni/Ni  256 

 Al+Ni  138 

2003,Hidetoshi Somekawa et al [15] AZ31Mg alloy 68.5 

Tungsten+steel 101 

Tungsten+steel +Ti  113 

2010,A.N. Alhazaa, T.I. Khan [22] Al+ Ti-6Al-4V +Cu+Sn-3.6Ag-

1Cu  

42.3 

2011,WidodoWidjaja Basuki , Jarir Aktaa Tn+ EUROFER97 887.4

Steel+Cu+Ni 145 

TiAl+ Ti3Sic2+ Ni 52.3 

SAE 2205 Steel+AISI 1035 

Steel 

360.9

2014,Navid Hosseinabadi et al [30] Alumina+Hybrid nano powders 202 

 

 

In Figure 4,the shear strengths of different 

composite materials are analyzed and the maximum shear 

strength value is 887.4 MPa which is attained by tungsten 

and EUROFER97 composites. The least value of shear 

Al composites[31-

38] in the holding time of 80mins.The advandage of 

composite material encompass various features such as 

low density,low weight,low cost,high toughness. The 

shear strength value is enhanced when using some 

interlayers between the materials.Normally aluminium 

based alloy has got the low and moderate shear strength 

values.Tungsten carbide,Graphine and steel has got the  

maximum shear strength values.It has been applied in 

automaotive ,aerospace and structural applications. 

 

3. Conclusion

 

The review of the diffusion bonding of similar, dissimilar 

metals and their mechanical properties such as 

hardness,tensile strength and shear strengthbhas been 

successfully conducted. at the end of analysis of the 

composite materials, the Aluminium based alloy 

materials are found to have superior mechanical 

properties coupled with light weight.It shows the shear 

strength value is increased with increasing bonding 

temperature and using Zn,Ag,Ni based interlayers and 

also it reduces the residual stress produced in the 

materials. The selection of proper material and interlayers 

will gives the better results in diffusion bonding method.
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