
 

Cu alloys are promising materials for use as the heat sink 

materiasl of divertors because of their good thermal 

conductivity. In recent years a number of studies have been 

carried out on Cu-based materials in order to find an optimal 

combination of high mechanical strength and high thermal 

conductivity. Under such a situation, dispersion strengthened 

(DS)-Cu such as Glidcop® (Cu-Al2O3) is known to have 

higher stability in microstructure. The conventional DS-Cu 

has been produced by internal oxidation and extrusion, which, 

however, can cause inhomogeneity and coarsening of the 

dispersed particles and anisotropic microstructure and 

properties. In this paper, we propose a process using the 

combination of Mechanical Alloying (MA) and Hot Isostatic 

Pressing (HIP), as is well known for the process of Oxide 

Dispersion Strengthened Steels (ODSS). In the present study, 

addition of pure metal were carried out expecting their 

oxygen gettering effects and the effects of MA time was 

investigated. As to the metal to be added, Al was selected for 

the purpose to compare with Glidcop®.  

The Cu-1 wt. % Al (labeled as Cu-Al) was produced by MA 

and HIP method. And the alloying was carried out with a 

rotating rate of 250 rpm for 1~32 hrs in Ar gas atmosphere. 

The mechanically alloyed powders were then loaded into a 

mild steel capsule, degassed at 500 ˚C for 1 hr in 0.1 Pa 

vacuum. The powders were sintered by HIP at 1223 K for 1 

hr with a pressure of 150 MPa. It should be noted that, 

throughout the series of the process, the materials were not 

exposed to the air. 

Fig. 1 shows a graph plotting the Vickers hardness with the 

grain size. The data obtained for Glidcop® are also included 

for comparison. The relations of average grain size and 

Vickers hardness is given by Hall-Petch equation (1). 

(1) 
where, HV is the Vickers hardness, HV0 is hardness of single 

crystal, k is the material constant and d is average grain size.  

The almost linear increase in hardness in the figure may imply 

that the change observed Hall-Petch rule. However, Glidcop® 

has similar composition and similar hardness to the present 

alloy with 250 rpm and 32 hrs although the grain size is much 

smaller. This means that the hardening of the present alloys 

with the MA time is not solely by the grain refinement, but 

other hardening mechanisms would be operating. 

 

Fig.1. Hardness of the materials produced as a function of 

grain size. 

 
Fig.2. STEM image (a) and EDS chemical mapping for Cu 

(b) and Al (c) for the alloy with MA for 32 hrs and HIP. 

 Fig. 2 shows STEM and EDS chemical mapping images for 

Cu and Al for the alloys with MA of 32 hrs and HIP. The white 

area in STEM image is rich in Al, showing precipitation of 

Al-rich phases occurred. Al is an element that induces long-

term radioactivity by neutron irradiation. Low activation can 

be a necessary requirement for the divertor materials, 

although it is thought that the issue is not as serious as that for 

blanket structural materials. In this study, Al was selected to 

enable direct comparison with Glidcop®. After verifying the 

effectiveness of the present procedure, it is planned to move 

on to other additives such as Hf and Zr. 

  
  

Aluminum Nitride (AlN) is one of the promising 
insulator coatings for a liquid lithium (Li) breeding blanket 
system, because AlN has relatively good compatibility with 
liquid Li, high electrical resistivity and thermal conductivity 
and so on1). However, it is well known that that single-layer 
AlN coating easily produce various defects such as pores 
and cracks. Especially, the degradation of compatibility with 
liquid Li on AlN layer is obviously confirmed by the liquid 
Li penetration through these defects. This is mainly caused 
via the dissolution behavior of nitrogen (in AlN) into liquid 
Li. We approached to form the metal titanium (Ti) interlayer 
between the metal vanadium (V) alloy and AlN as the 
protective barrier material. This is due to the higher 
chemical potential of TiN against the metal Li at high 
temperature range, which is more stable than AlN. 

According to the V-Ti binary equilibrium phase 
diagram, Ti is easily dissolved into the V at wide 
temperature range until 900 C. That is to say, we think that 
the V/Ti bonding could be easily carried out though the hot-
pressing process. In order to investigate the bonding 
property between pure V/Ti metals, the diffusion bonding 
experiment is carried out by the hot-pressing. The samples 
were made by pure metal V plate and Ti metal foil, and the 
samples were “V/Ti/V/Ti/V” sandwich structure. The 
original thickness of V plate and Ti foil are 0.9 mm and 0.08 
mm, respectively. The raw materials were processed by 
conventional polishing before stacking them. This polishing 

process was to remove the oxidation layer on the surface of 
raw materials and reduce the roughness. The hot-pressing 
conditions for the diffusion bonding experiment between V 
and Ti are as follows in table 1.  

Fig.1 shows the optical image of the interface around 
the sandwich structured V/Ti diffusion sample via the hot-
pressing for 1 hr. We found that the V plate and thin Ti foil 
were bonded very well by the shorter hot-pressing time, and 
the diffusion area between V and Ti also formed. The total 
width of diffusion layer was about 100 m, and it was 20 

m wider compared with the thickness of the original Ti foil. 
It suggested that V atom diffused into Ti foil quickly during 
the hot-pressing. From the Scanning Electron Microscope 
(SEM) observation, we confirmed that the thickness of 
diffusion layer between V and Ti increased when the hot-
pressing time was extended.  

The comparison of the Vickers hardness around the 
diffusion layer after the hot-pressing was shown in fig. 2. 
The load and time in the Vickers hardness test are 20 gf 
(=196 mN) and 30 seconds. The average hardness of V base 
metal was about 80 Hv. In the 1 h sample, we confirmed 
that the Vickers hardness was drastically increased to at the 
narrow area around the interface area. On the other hand, 
the Vickers hardness of the 10 hrs sample was gently and 
widely increased forward to the interface area. This 
difference of the Vickers hardness was similar to the 
microstructure of the diffusion layer. We thought that the 
increase of the higher Vickers hardness area corresponded 
to the thickness of the diffusion area between V and Ti. This 
could be caused by the V-Ti compound formation through 
the hot-pressing. 

The correlation comparison between the chemical 
composition and the Vickers hardness in the diffusion layer 
are also under investigated. 

 

1) Pint, B A. et al. Journal of Nucl. Mater., 329-333 
(2004) 119-124. 

 
 

Fig. 2 Comparison of the Vickers hardness around the 
diffusion layer after the hot-pressing for 1 hour and 10 
hours 

Table. 1 The parameters of the Hot Pressing condition 

Fig. 1 Optical microstructure of the interface area of V 
base metal and Ti layer after the hot-pressing (1hr) 
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