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試料、実験方法、利用の結果得られた主なデータ、考察、結論等を、記述して下さい。（適宜、図表添付のこと） 

Please report your samples, experimental method and results, discussion and conclusions.  Please add figures and 
tables for better explanation. 
1. 試料 Name of sample(s) and chemical formula, or compositions including physical form. 

A Ti-Cr based alloy, a Ti-Cr-N based alloy and a Ti-Cr-O based alloy were used in this investigation. The 

Ti-Cr alloy, which is a α+β type titanium alloy, has been proposed for an interstitials strengthened titanium 
alloy. The alloy derives its strength from solid solution hardening by interstitial elements such as oxygen 

and nitrogen. The supersaturation of chromium leads to retention of β phase, which is effective to refine a 
matrix structure. Their chemical compositions are tabulated in Table 1. The Ti-Cr series alloys were 

prepared by water quenching from 1423 K for 0.6 ks to obtain martensite microstructure. And then, they 

were tempered at 1023 K for 0.6 ks to obtain α+β type titanium structure. 
Table 1 The chemical compositions of the test titanium alloys (in mass%). 

 

 

2. 実験方法及び結果 （実験がうまくいかなかった場合、その理由を記述してください。） 

Experimental method and results.  If you failed to conduct experiment as planned, please describe reasons. 

[Experimental method] The plate tensile test specimens for in-situ neutron diffraction experiments with a 
gauge length of 50mm, width of 5mm and thickness of 1mm were machined from the as-received treated 

plates. Time-of-flight (TOF) in situ neutron diffraction measurements were performed using TAKUMI at 
J-PARC. A tension tester was made in such a way that the central position of a specimen does not move 

when a specimen is elongated. The geometrical arrangement for diffraction measurement in the axial and 

the transverse directions of the specimen is illustrated in Figure 1. The sampling volume for neutron 
diffraction is wide range at the parallel position of the tensile specimen, so that bulky averaged information  
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2. 実験方法及び結果（つづき） Experimental method and results (continued) 

is obtained. Strain/stress diffraction measurements in crystalline materials are based on the precise 

measurement of the deviation of lattice spacing (dhkl) of particularly oriented {hkl} crystallographic planes 

or average lattice parameter (aph.) deviation due to residual or applied stresses. The lattice strain (εhkl) and 
the phase strain (εph.) can be determined from the measured changes of the lattice spacing and lattice 

parameters, respectively, according to	 εhkl = (dhkl – d0
hkl) / d0

hkl, εph.= (aph. - a0
ph.) / a0

ph. Where d0
hkl and a0

ph. 

are the particular lattice spacing and average lattice parameter in the stress-free specimen, respectively. 

Individual reflections in the diffraction patterns from both detector banks were analyzed by single-peak 
fitting to determine the peak position and peak intensity, from which the elastic lattice strains during the 

tensile test were evaluated. In addition, the full diffraction profile was analyzed using Z-Rietveld software 
package to grain volume average elastic phase strains.      

 
[Experimental result] Examples of diffraction profiles obtained for Ti-Cr, Ti-Cr-O and Ti-Cr-N alloy are 

presented in Figure 2. The hk.l peak intensities in the axial and transverse directions are similar, indicating 

weak texture and, the background in the transverse direction was not linear due to the incoherent scattering. 

Figure 3 shows the change in α-titanium (0002), (10-11) and β-titanium (110) diffraction profiles with the 
applied stress in Ti-Cr alloy. It is found that the peak moves towards the wider spacing side in the axial 
direction while the narrower in the transverse, with loading. Such peak shifts with loading were examined 

for the other diffraction peaks of (10-10), (10-12), (11-20), (10-13), (11-22) and (20-21) for the three kinds 
of titanium alloy. 

 The evolutions of the phase strain of the hcp α-phase and bcc β-phase during tensile tests on both the 
investigated Ti-Cr and Ti-Cr-N alloys are plotted in Figure 4 as a function of the applied stress. As seen in 

Fig. 4, both α-phase and β-phase strains in the axial direction increase linearly with increasing applied 
stress in the beginning. After the onset of plastic flow, i.e., yielding, phase strains in the α-phase hardly 

changes or slightly decrease with increasing applied stress. On the other hand, phase strain in the β-phase 
increase greatly with an increase in the applied stress after the yielding. These results indicate good 

agreement with the predictions by a simple two-phase metal material model; the strong β-phase bears 

higher stress after yielding, resulting in high work hardening of the α+β type Ti-Cr series alloys.  
 These results have one interesting topics. The both phases of Ti-Cr-N alloy are larger tensile strength than 

that of Ti-Cr one. Because, the usage of interstitial elements such as oxygen and nitrogen is attempted as 

alloying elements to titanium alloys, since they are a strong α phase stabilizer. However, not only α phase 

but also β phase was solid solution strengthening. I don’t understand why β phase is high strength. If the 
interface between α phase and β phase may be strengthening, I can understand the result of N interstitial 
strengthening. 
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Figure 1 Schematic illustration of the diffraction geometry adopted on TAKUMI 

and the principle of collecting the in situ neutron diffraction. 

 
Figure 2 Diffraction profiles in the axial (red line) and in the transverse (blue line) directions 

for the α+β type titanium alloys obtained by the TOF method before tensile loading. 
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Figure 3 Changes in diffraction profiles with the applied stress obtained from 

the α phase (hcp) and the β phase (bcc) in the axial direction. 

 

Figure 4 α phase and β phase strains as a function of the applied stress 
in the axial direction for Ti-Cr and Ti-Cr-N alloys. 

 

 


