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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. 

・ Samples: Iron-Copper alloy (Fe-1wt.%Cu)  

・ Samples were cold-rolled with rolling reduction (RR) up to 20% (0, 10, and 20%).  

・ Samples with dimensions of 15 x 15 x 2 mm were aged at 480 oC. For each RR, 9 samples with different 

aging time up to 10000min were prepared as listed in Table1. 

 

Sample Rolling
reduction (%) 0 10 50 100 500 1000 2000 5000 10000

0 ○ ○ ○ ○ ○ ○ ○ ○ ○

10 ○ ○ ○ ○ ○ ○ ○ ○ ○

20 ○ ○ ○ ○ ○ ○ ○ ○ ○

Aging time (min.)

Fe-1wt%Cu

Table 1: Measuring samples (Totally 27 samples)  
 

 
 

 

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. 

Small angle and wide angle neutron scattering measurements were carried out at room temperature. Horizontal 

magnetic field of 1 Tesla was applied with an electromagnet. We observed strong magnetic contribution for 

small-angle neutron scattering for all measured samples, which are reflected in butterfly patterns of scattering 

intensity in the 2D detector. According to the equation of SANS intensity, I(Q) = I(Q)nuc+I(Q)magsin2θ, the 

magnetic scattering intensity, I(Q)mag was extracted from the butterfly intensity patterns. Here, θ is the angle 
between the applied magnetic field and scattering vector. I(Q)nuc and I(Q)nuc+I(Q)mag were determined from 

scattering intensities along and perpendicular to the magnetic field, respectively, and I(Q)mag was obtained from 

their difference. Figure 1 shows the aging time dependence of I(Q)mag for samples with RR=0 and 20%.    
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2. 実験方法及び結果（つづき） Experimental method and results (continued) 

Before aging, there is no significant 

magnetic scattering related to nanoscale 

features for both samples. After aging at 

100min, magnetic contribution appears at 

Q~0.1 A-1 and it continuously develops with 

aging time up to 10000min, associated with 

a shift toward the lower Q. The observed 

I(Q)mag was analyzed using a software 

"Irena" and volume weighted size 

distribution of non-magnetic Cu precipitates 

was determined.  

Figure 2 shows the volume-weighted size 

distribution f(R) for RR=0 and 20% 

samples. With aging time, the intensity f(R) 

develops, associated with a shift of the peak 

toward the higher radius. After aging time 

of 1000 min, f(R) becomes broad and the 

broadening is significant for RR=20% 

sample.    

Figure 3 shows the aging time dependence 

of volume fraction and mean size of Cu 

precipitates for all measuring samples. For 

all the samples, the volume fraction steeply 

increases after 100 min. and attains ~ 0.6 % 

at 10000 min. For RR=10 and 20 % 

samples, the volume fraction appears just 

after ~ 10 min. Mean diameter also steeply 

increases after 100 min. and attains ~ 100 A 

at 10000 min. This behavior is consistent 

with that of hardness and the volume 

fraction for RR=0% after 100 min is found 

to be linearly proportional to coercivity of 

major magnetic hysteresis loop. 

For wide angle scattering data, the 

significant broadening of nuclear Bragg 

peaks was observed before aging for the RR=20 % sample. Just after aging, the peaks become narrower and the 

width becomes almost constant after 100 min. This behavior is very similar to the aging time dependence of 

coercivity for RR=20 %. The results directly demonstrate that the decrease of coercivity just after aging for 

RR=20 % is due to recovery such as rearrangement of dislocations.   
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Figure 1: Aging time dependence of magnetic scattering intensity 
as a function of Q for (a) RR=0 and (b) RR=20% samples.  
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Figure 2: The aging time dependence of volume-weighted size 
distribution for RR=0 and 20% samples. 
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Figure 3:  The aging time dependence of volume fraction and 
mean diameter of Cu precipitates. 


