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Abstract-In this investigation, pure Copper (Cu) and pure Nickel (Ni) plates manufactured by powder metallurgy 

(P/M) technique were bonded by diffusion bonding process. The bonding strength of the diffusion bonded joint is 

influenced by three important process parameters such as Bonding temperature, Bonding pressure and Holding time. 

This investigation was carried out to understand the effect of bonding pressure on the characteristics of diffusion 

bonded pure Cu-Ni bimetallic joints. The experiments were conducted by varying the pressure between 5-20 MPa 

and the bonding temperature and the holding time were kept constant. The bonding quality was checked by 

microstructure analysis using optical microscope (OM) and scanning electron micrographs (SEM). The XRD analysis 

was carried out to confirm the compounds formation and the phase analysis. The shear strength and bonding strength 

of the bonds were evaluated by conducting lap shear test and ram tensile test respectively. The interface hardness of 

the bonds was measured by Vicker’s hardness test  
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1. INTRODUCTION 

 

Diffusion bonding is a solid - state joining process and it 

is used for making components in electronic, nuclear and 

aerospace industries [1, 2]. Copper has excellent features 

such as high electrical conductivity, thermal conductivity 

and hence used in power industries, electrical appliances 

machinery and automobiles [3]. Nickel has high 

corrosion resistance at high temperature and it possesses 

substantial solid solubility with copper which enhance 

the properties of the joints [4, 5]. It has been used in the 

fuelcell that is used in the power generation for hospital 

.Joining dissimilar materials by traditional fusion 

welding technique causes severe thermal cracking and 

easy formation of brittle intermetallic compounds in the 

bond region [4]. Therefore, welding of these dissimilar 

materials by fusion welding technique is difficult Hence 

the diffusion bonding technique is used to join these 

materials. The bonding pressure, bonding temperature 

and holding time are the predominant process parameters 

of diffusion bonding [5].  

 Diffusion is promoted by high temperature 

since adhesion is necessary for the bonding process [6]. 

The excessive heating decreases the bonding strength 

due to the formation of  residual stress.   The bonding 

pressure should be sufficient to make enough tight 

contact between the joining surfaces of the materials and  

to fill the void in the weld zone. Also the bonding time 

could be sufficient for intimate contact between the 

materials [7,8,9]. However, the effect of bonding 

pressure on diffusion bonding of pure copper and Nickel 

were analysed and the details are presented in this paper  

 

2. EXPERIMENTAL WORK 

Square shaped specimens (50 mmx50 mm) were 

manufactured from pure Ni and pure Cu by powder 

metallurgy (P/M) technique. The prepared specimen 

thickness of Cu was 5 mm and Ni was 4 mm. The 

specimens prepared by P/M technique and these were 

machined to make flat surfaces by milling and then 

cleaned in acetone just before diffusion bonding. The 

polished and chemically treated specimens were stacked 

in the die which was made by 316 L stainless steel. The 

specimens were heated up to the bonding temperature by 

induction furnace. The required pressure was 

simultaneously applied to the certain time. Thus, the 

bonding was completed and then the bonding samples 
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were cooled to the room temperature before removal 

from the chamber of diffusion bonding machine.  By this 

way, four joints were fabricated by keeping the bonding 

temperature and holding time  were kept in constant and 

varying the bonding pressure as mentioned in the table1.  

The hardness of diffusion layer was measured by using 

Vicker’s hardness tester. The microstructure analysis 

was carefully carried out to exhibit the formation of 

diffusion layer and its thickness was measured at the 

interface of the joints using optical microscope and 

scanning electron microscopy. The copper side was 

etched by a solution containing ethanol, FeCl3 

concentrated HCL, whereas the Ni side was etched by 

using ammonium persulfate to reveal the microstructure.  

 

Table 1.Experimental conditions of Cu/Ni diffusion bonds 

 

Joint 

No 

Bonding 

Pressure 

(MPa) 

Holding 

Time 

(min) 

Bonding  

Temperature 

(ºC) 

Shear 

Strength 

(MPa) 

Bonding 

Strength     (MPa) 

1 

2 

3 

4 

5 

10 

15 

20 

30 

30 

30 

30 

600 

600 

600 

600 

23 

37 

33 

31 

31 

46 

42 

38 

 

3. RESULT AND DISCUSSION  

 

3.1. Effect of bonding pressure on strength of the joints 

  

 

From the Fig.1 it is understood that shear strength and 

bonding strength of the bonds increase with increasing of 

bonding pressure, irrespective of bonding temperature and 

holding time.  At low bonding pressure of 5 Mpa, shear 

strength and bonding strength are minimum, because at low 

bonding pressure, the voids are present in the interface 

region and the contact rates between the materials is less 

and also diffusion between the materials is less. When the 

bonding pressure is increased to 10 MPa, plastic 

deformation develops at contact sites to increase the contact 

areas of surfaces and therefore diffusion between the 

materials increases.  Hence strengths of joints increase. 

Further the pressure increased to 20 MPa, the rate of 

interface contact and more diffusion paths are created due to 

movements of atoms which reduce the strength of bonds.

 

 

 
Fig. 1.Strength 
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1. 2.  Effect of bonding pressure on Interface hardness 

 

 
Fig. 2. Interface hardness 

From the Fig. 2, it is understood that the interface 

hardness of the joints increase with increase in bonding 

pressure. The property of the bonded joints mainly 

depends on thickness of the intermetallic compounds 

[10].At low bonding pressure of 5 MPa, interface 

hardness are minimum. Because the formation of 

intermetallic compounds at the interface of the bond is 

minimum and also volume fraction of reaction products 

is more [11-13].When it is increased to 10 MPa, plastic 

deformation will develop at contact sites to increase the 

contact areas of clean surfaces and hence joint rate 

changes appreciably. Further increase of pressure to 20 

MPa, results increase the interface hardness gradually 

since pressure influences re-crystallization temperature 

and deformation tends to enhance the contact of bond 

surface and rapid growth of re-crystallization. This will 

obviously increase the rate of diffusion of atoms which 

lead to form more intermetallic compounds at interface 

of the joint. Hence the interface hardness of the bond 

increases. 
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2. 3.  Effect of bonding pressure on diffusion layer thickness 

 

From the Fig.3. it can be inferred that the formation 

of diffusion layer at the interface influences the 

strength of the bond, Diffusion layer thickness plays 

important role on shear strength and bonding 

strength. At low bonding pressure of 5MPa, the 

diffusion layer thickness is the minimum as  the 

diffusivity of copper and  aluminium  together is less 

quantity and  the formation of intermetallic 

compounds  is also very less. These cause very thin 

diffusion layer. Further increase of bonding pressure 

till 20 MPa the diffusion layer thickness will 

gradually increase with bonding pressure. 

 

4. CHARACTERISATION OF 

DIFFUSION        BONDED JOINTS 

 

 

 

 

 Optical micrographs and scanning electron micrographs 

were taken at the interface region of the Cu/Ni bonds to 

understand the effect of bonding pressure on the 

formation of diffusion layer and the interface. From the 

scanning electron micrographs and optical micrographs, 

it is observed that when the diffusion bonding occurs 

between two dissimilar materials, the new phases from 

the base metals are found in the diffusion layer. The 

brittle intermetallic compounds formed in diffusion layer 

would be weaken the bonding performance. Hence, it is 

important to analyse the formation and growth of 

intermetallic compounds at the interface region in order 

to control the process during the diffusion bonding of 

dissimilar materials [14].  

The intermetallic contain the phases of Cu-Ni, 

CuO,Cu2O, Fe2Ni ,Al2Cu ,NiC, Ni2O which were 

identified by using XRD shown in fig. 5.   A very thin 

layer of thickness 19 m was formed under the bonding 

temperature of 600 ºC, holding time of 30 minute and 

bonding pressure of 5 MPa .This interface exhibited 

shear strength and bonding strength of 19 MPa and 24 

MPa respectively. A medium thick diffusion layer of 25 

m was formed under the bonding temperature of 600 

ºC, holding time of 30 minutes and bonding pressure of 

10 MPa. This interface exhibited shear and bonding 

strength of 37 MPa and 46 MPa, respectively. A very 

thick diffusion layer of 32 m was formed under the 

bonding temperature of 600 ºC, holding time of 30 

minutes and bonding pressure of 20 MPa which 

exhibited shear and bonding strength of 28 MPa and 34 

MPa, respectively.  It is observed from the Fig .4 (a-c) & 

(d-f) that when the bonding pressure increases,the 

diffusion layer  thickness  increases and the maximum 

shear and bonding strength are obtained due to formation 

optimum diffusion layer thickness.  

  

 
Fig. 3. Diffusion layer thickness 
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(a)  Thin layer  (d)  Thin layer 

  
(b)  Medium layer (e)  Medium layer 

  
(c)  Thick layer  (f)  Thick layer 

Fig. 4. Optical and SEM micrographs of Cu/Ni bonds (a-c: OM; d-f: SEM) 
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Fig. 5. EDS results at the interface region of Cu/Ni bonds 

 

5. CONCLUSIONS   

From this investigation, the following conclusions are 

obtained        

 

(i) The maximum bonding strength of 46 MPa and 

shear strength of 37 MPa were obtained under 

bonding strength pressure of 10 MPa at bonding 

temperature of 600 ºC and holding time of 30 

minutes 

(ii) The shear strength and bonding increase up to the 

bonding pressure of 10 MPa at bonding temperature 

of 600
 °

C and holding time 30 minutes after which 

then  these strengths decrease  
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