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Abstract: The HIP diffusion bonding of P/M titanium alloy Ti-6Al-4V and stainless steel 1Cr18Ni9Ti using pure Ni as intermediate 
layer was studied. Bonding joint with complex bonding interface was obtained by HIPing pre-alloyed Ti-6Al-4V powders and 
stainless steel 1Cr18Ni9Ti in a vacuum canning. The joint strengths were examined and the characteristics of bonding joint were 
observed. The result shows that the maximized strength of HIP diffusion bonding between P/M titanium alloy Ti-6Al-4V and 
stainless steel 1Cr18Ni9Ti can be up to 388 MPa and the microstructure of bonding joint is acceptable. 
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1 Introduction 
 

The bonding joint between titanium alloy and 
stainless steel has become one of the most attractive 
materials in the aerospace due to the combination of the 
characteristics of titanium alloy and stainless steel[1]. 
However, in the operations of fusion bonding, 
intermetallics, i.e., TiFe and TiFe2, can appear in 
bonding interface, which result in poor joint strength. In 
additional, the difference of linear expansibility between 
titanium alloy and stainless steel can also lead to internal 
stress in bonding joint and even failure of the joint [2−3]. 

The general method to deal with this problem is 
using intermediate layer between titanium alloy and 
stainless steel to avoid the formation of brittle 
intermetallics. Typical intermediate layer for diffusion 
bonding of titanium alloy and stainless steel are Cu, V 
and Ni with Ni being the most common intermediate 
layer own to its high property of corrosion resistant, 
infinite solution with Fe and forming ductile 
intermetallics with element Ti [4−5]. Thus, Ni was also 
selected as intermediate layer in this study. 

Typical diffusion bonding technologies include such 
technologies as diffusion bonding at constant 
temperature and pressure, phase transformation super- 

plastic diffusion bonding, diffusion bonding under 
pulsatile pressure and HIP (hot isostatic pressing) 
diffusion bonding [6]. These methods have a highly 
assembling requirement of interfaces, which makes 
diffusion bonding of different metals with complex 
interfaces difficult. However, spherical powders can 
meet the assembling requirement of diffusion bonding 
interfaces for their favorable fluidity. In the following 
HIP processing, powders can be condensed and diffusion 
bonded with other metals. Thus, diffusion bonding with 
complex interface can be obtained by HIPing spherical 
powders and different metals can be loaded in a vacuum 
can for combining the consolidation of powders and 
element diffusion. The present paper is based partly on 
the study of diffusion bonding of titanium alloy and 
stainless steel with complex interface. 
 
2 Experimental 
 

The stainless steel 1Cr18Ni9Ti and pre-alloyed 
Ti-6Al-4V powders were selected for present study, 
whose chemical compositions are listed in Table 1. Pure 
Ni was used as intermediate layer for diffusion bonding 
in this investigation. The experiment was performed in 
QIH-32 HIP equipment made in Sweden. 
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Table 1 Chemical composition of based materials (mass fraction, %) 
Alloy Al V Fe Ti Cr Ni C H O 

Pre-alloyed Ti-6Al-4V powders 6.33 4.21 0.04 Bal.   0.006 5 0.002 6 0.14

1Cr18Ni9Ti   Bal.  17.580 8.040 0.038   

 
In the experiment, stainless steel 1Cr18Ni9Ti was 

machined to cylinder and electroplated pure Ni with 
different thickness on its surface. For HIP diffusion 
bonding, the stainless steel 1Cr18Ni9Ti cylinder and 
pre-alloyed Ti-6Al-4V powers were loaded in a mild 
steel can with tapping, evacuated at 573−773 K and 
subsequently sealed. The HIP diffusion bonding of P/M 
titanium alloy Ti-6Al-4V and stainless steel 1Cr18Ni9Ti 
in this study was performed at 1 073−1 173 K and 100 
MPa for 2 h. 

3 Results and discussion 
 
3.1 Effects of HIP temperatures and intermediate 

layer thickness on joint strength  
The joint strength of HIP diffusion bonding depends 

on the microstructures of the joint and some other factors, 
such as HIP temperatures, pressures, HIP times and 
thickness of intermediate layer, have a great effect on the 
microstructures [7−8]. In the experiment, different HIP 
temperatures and different intermediate layer thickness 
were involved to pursue a novel approach for HIP 
diffusion bonding of P/M titanium alloy Ti-6Al-4V and 
stainless steel 1Cr18Ni9Ti. The bonding joint was 
obtained (Fig.1) and the joint strength was tested and the 
results are listed in Table 2. From the data of Table 2, the 
joint strength of HIP diffusion bonding of P/M titanium 
alloy Ti-6Al-4V and 1Cr18Ni9Ti reaches 388 MPa, and 
the novel method for HIP diffusion bonding of P/M 
titanium alloy Ti-6Al-4V and 1Cr18Ni9Ti is performing 
the bonding at the temperature of 1 073−1 093 K and 
with the intermediate thickness of 40 µm. After the HIP  

 

 
Fig.1 Photograph of bonding joint between P/M titanium alloy 
Ti-6Al-4V and stainless steel 1Cr18Ni9Ti: 1—1Cr18Ni9Ti 
stainless steel; 2—Ti-6Al-4V alloy; 3—Bonding interface 

processing, the joint obtains a higher tensile strength than 
that after common diffusion bonding[9]. 
 
Table 2 Influence of HIP temperatures and intermediate layer 
thickness on HIP diffusion joint strength  

HIP temperature/
K 

Thickness of intermediate 
layer/µm 

Joint strength
/MPa 

40 388 

80 158 1 073−1 093 

120 25.3 

40 238 

80 247 1 123−1 143 

120 225 

40 −* 

80 243 1 173−1 193 

120 203 

* The sample was failure in machining 
 
3.2 Characteristics of tensile fracture 

The tensile fracture of samples was investigated. It 
is found that all samples have broken in the area of 
diffusion joint and have no significant sign of necking. 
Fig.2 shows the photographs of tensile fracture at 
different HIP temperatures and with different thickness 
of intermediate layer. The spherical blocks locate on the 
surface of tensile fracture uniformly and some chips with 
grey color appear in the edge areas. SEM was applied to 
characterize the tensile fractures of samples, as shown in 
Fig.2. The results are shown in Fig.3. Blocks of the 
fracture are formed by many fine and homogeneous 
grains and the background region looks like river 
patterns. These characters show that the fracture of block 
region occurs at the edge of the grain and the fracture of 
background region is a traditional cleavage fracture 
[10−11]. 
 
3.3 Microstructures of bonding joint 
 

The joint strength of HIP diffusion bonding between 
P/M titanium alloy Ti-6Al-4V and 1Cr18Ni9Ti depends 
on the microstructure of the joint. Thus, the 
microstructures of joint metallographic were emphasized 
in the investigation. The metallographic photo for 
bonding joint after corrosion is shown in Fig.4. 
According to Fig.4, the joint of titanium alloy Ti-6Al-4V 



LANG Ze-bao, et al/Trans. Nonferrous Met. Soc. China 17(2007) s81
 

 

 
Fig.2 Micrographs of tensile fractures at different HIP temperatures and with different thickness of intermediate layer: (a) T=1 073− 
1 09 3K, δ=40 µm; (b) T=1 073−1 093 K, δ=80 µm; (c) T=1 073−1 093 K, δ=120 µm; (d) T= 1 123−1 143 K, δ=40 µm; (e) T=     
1 123−1 143 K, δ=80 µm; (f) T=1 123−1 143 K, δ=120 µm; (g) T=1 123−1 143 K, δ=80 µm; (h) T=1 123−1 143 K, δ=120 µm (T is 
used for HIP temperature and δ is used for thickness of intermediate layer) 
 

 
Fig.3 SEM images of different regions of fracture: (a) Block region; (b) Background region 
 
and stainless steel 1Cr18Ni9Ti can be divided into five 
regions: region 1 is the basis region of titanium alloy 
Ti-6Al-4V; region 2 is a narrow region of transition; 
region 3 is the solid solution of Fe, Cr, Ni and Ti; region 
4 is the region of electric plating Ni and region 5 is the 
basis region of stainless steel 1Cr18Ni9Ti. Each region is 
bonded well and no flaw is found. The compositions of 
Ti, Fe, Cr and Ni of these five regions were tested by 

electronic probe and the results are shown in Fig.5. 
As shown in Fig.5, the element Ni diffuses 

significantly towards the region of titanium alloy 
Ti-6Al-4V and the composition of element Ti deceases 
from region 1 to region 5 and has a suddenly reduction at 
interface of 1Cr18Ni9Ti/Ni due to the low solution of 
element Ti in region 1Cr18Ni9Ti [12]. The element Fe 
enriches in the solid solution region and element Cr has a 
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Fig.4 Joint metallograph of Ti-6Al-4V/1Cr18Ni9Ti  
 

 
Fig.5 Distributions of Ti, Fe, Cr and Ni in diffusion bonding 
interface: Regions 1−5 shown in Fig.4 
 
low diffusion during HIP processing. The reason for the 
distributions of these elements is that different elements 
have different activation energies and different sizes of 
atomic radius, which result in different diffusion 
velocities and different diffusion quantities. The 
diffusion quantity of these elements in the joint region 
results in the phase composition of joint and has a great 
effect on the joint strength. From above discussion, the 
conclusion can be obtained that it is very important to 
control the quantity and distribution of these elements 
[13]. 
 
3.4 Properties of P/M Ti-6Al-4V appeared in HIP 

diffusion bonding 
The P/M Ti-6Al-4V alloy was obtained by HIPing 

pre-alloyed Ti-6Al-4V powders during HIP diffusion 
bonding. The mechanical properties of P/M Ti-6Al-4V 
were examined, as listed in Table 3. The P/M Ti-6Al-4V 
has a high tensile strength that surpasses the standards in 
GB/T 2965—1996 of China. The microstructures are 
shown in Fig.6. The P/M Ti-6Al-4V performs a finer, 
homogenous microstructure than forging or casting 
Ti-6Al-4V alloys [14−16]. 

 
Table 3 Mechanical properties of P/M Ti-6Al-4V 

Sample 
No. 

σ0.2/ 
MPa 

σb/ 
MPa 

δ/ 
% 

A/ 
% 

1 921 980 9.8 33.5 

2 953 1030 7.7 37.0 

3 945 997 11.0 35.0 

 

 
Fig.6 Metallographic photo of P/M Ti-6Al-4V 
 
4 Conclusions 
 

1) The bonding joint with complex bonding 
interface can be obtained by HIP diffusion bonding of 
P/M titanium alloy Ti-6Al-4V and stainless steel 
1Cr18Ni9Ti.  

2) The highest joint strength reaches 388 MPa when 
the specimen is bonded at 1 073−1 093 K and with the 
thickness of intermediate layer of 40 µm. 

3) The joint obtained in this study is bonded well 
and no flaw is found. Thus, HIP diffusion bonding of 
P/M titanium alloy Ti-6Al-4V and stainless steel can be 
applied to process the bonding joint with complex 
interfaces. 
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