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A New Method for Size Estimation of Cu Nano-precipitates in Fe Based on Positron Quantum-dot Confinement

Takeshi TOYAMA, Yasuyoshi NAGAL, Zheng TANG, Koji INOUE, Toshinobu CHIBA, Masayuki HASEGAWA,
Tadakatsu OHKUBO and Kazuhiro HONO

Synopsis

: A new method for size estimation of Cu (sub)nano-precipitates in Fe based on a positron quantum-dot-state is developed. Utilizing a unique

characteristic of the positron quantum-dot confinement in positron affinitive embedded nano-precipitates, the smearing of the momentum dis-
tribution of positron-electron pair around the Fermi momentum in the Cu nano-precipitates is observed by two-dimensional angular correla-
tion of positron annihilation radiation (2D-ACAR) measurements. Due to the uncertainly relation between position and momentum, the size
of the Cu nano-precipitates is estimated from the width of the momentum smearing which is inversely proportional to the average size of the
precipitates where positrons are confined. Fe—Cu alloys were aged at 475°C for 0.1 to 20h to form the Cu nano-precipitates with various
sizes. The sizes estimated from 2D-ACAR are compared with those by three-dimensional atom probe (3D-AP). Both the results agree with
each other. Furthermore, the present method gives the sizes of the Cu subnano-precipitates which are too small to be detected even by the

other technique, such as 3D-AP.
Key words : Cu nano precipitate; size estimation; positron annihilation.
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Fig. 1. (a) Schematic illustration of electron occupation
number around the Fermi momentum for bulk
and nano-precipitate, (b) Angular correlation of
positron annihilation radiation spectrum (Ncag)
for bulk (solid line) and nano-precipitate (dashed
line). These two curves are normalized to the same
area, (c) Difference between N, ,p for Cu bulk and
Cu nano-precipitate.
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Fig. 2. Schematic illustration of 2D-ACAR apparatus. Anger cameras, C, and C,, are separated from the specimen by a distance
of L (7.5m). The annihilation y-rays are detected in coincidence at positrons (x;, ;) in the camera C, and (x,, y,) in the
camera C,. The angular deviation from anticollinearity, 8, is related to p,=mcOx and p,=mc8y, where 6x=(x,+x,)/L

and 6,=(y; +y,)/L.
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Fig. 3. ACAR spectra (N,,p) for the aged states in Fe—Cu
alloy. For the reference, the spectra of pure Fe and
pure Cu are also shown. All the spectra are normal-
ized to the same area.
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Fig. 4. Ratio curves of the coincidence Doppler broaden-
ing (CDB) spectra for the aged states in Fe-Cu
alloy. For a reference, the curve for pure Cu is also
shown by a dashed line.

Table 1. Thermal aging evolution of the annihilation frac-
tion of positrons with Cu electrons in the Cu
nano-precipiptates (/o).

Aging Time [h] loy [%]

0.1 13
0.5 61
2 87
20 95
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Fig. 5. (a) ACAR spectra for the Cu nano-precipitates
(VER) in the aged states in Fe~Cu alloy, (b) Dif-
ference in N, between (0.1-2)h- and 20 h-aged
Fe—Cu alloy (solid circle for 0.1h-, open triangle
for 0.5h- and open square for 2h-aged Fe—Cu
alloy). The best fittings with the Gaussian function

convolution to the NG%; for 20h-aged Fe—Cu

alloy are also shown for each difference in NS4z

for 0.1h- (solid line), 0.5 h- (dashed line) and 2 h-
(chained line) aged Fe—Cu alloy).
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Table 2. Thermal aging evolution of the smearing width
(Ap) from the best fitting with the Gaussian func-
tion convolution to the ACAR spectra of the Cu
nano-precipitats (N54az) shown in Fig. 5(b). The
average size of the Cu nano-precipitates estimated
using formula (1) is also shown.

Aging Time [h] FWHM [x102 mc] Radius [nm]
0.1 54 0.26
0.5 33 0.41
2 23 0.56
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Fig. 6. Average radius of Cu nano-precipitates in the aged
states in Fe—Cu alloy obtained by ACAR (open cir-
cle) and 3D-AP (solid square).
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Fig. 7. 3D-AP atom maps of Cu in the aged sates in Fe—Cu
alloy. The Cu nano-precipitates in the 0.5 h-aged
state are indicated by the arrows.
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