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N. Masahashi a, Y. Mori b, H. Tanaka b, A. Kogure b, H. Inoue c, K. Ohmura a, Y. Kodama a, M. 
Nishijima a, E. Itoi b, S. Hanada a 

The microstructure and surface chemistry of titanium dioxide on TiNbSn alloy, prepared by anodic oxidation 
in acetic acid electrolytes and subsequent hot water (HW) treatment, have been studied to determine the effect of 
HW treatment on bioactivity. HW treatment promotes TiO2 formation and photo-induced properties were 
observed on the anodic oxide. Cross-section energy dispersive spectroscopy analysis of the implanted anodic 
TiNbSn treated with HW revealed the penetration of the constituent elements of bone, Ca and P, into TiO2, 
which was attributed to the high bonding strength between the bone and the implanted alloy. It is proposed that 
the high bioactivity observed as a result of HW treatment can be ascribed to the evolution of a crystallized 
anodic oxide TiO2, which promotes incorporation of the primary ingredients of a bone in the oxide. 

Thin Solid Films, 639 (2017)22-28 

We have studied the bioactivity of an anodized 
TiNbSn alloy to provide osseointegration to the alloy. 
As-anodic oxide (AO) is not crystallized and the 
HW treatment promotes crystallization of anatase 
TiO2, whereas the treatment is not enough to 
construct a perfectly crystallized TiO2 as that formed 
by the annealed oxide (AN). This was confirmed by 
the photo-induced properties of the oxide: lower 
contact angles (Fig. 1(a)) and superior photoactivity 
(Fig. 1(b)) in both HW and AN are observed 
compared with AO. The characteristics are observed 
in crystalline but not in amorphous, because the 
defects in TiO2 could act as a recombination site for 
the photo-generated electron and hole pairs.  

Fig. 2 shows SEM micrograph and elemental 
mapping of Ti, Nb, O, Ca, and P. It is noted that the P 
abundance in the selected TiNbSn region is due to the 
close values of the characteristic X-ray energies of P 

of P in the region was confirmed from additional 
experiments. Ti is distributed in both the TiO2 layer 
and TiNbSn, but not in the bone, indicating that Ti 
does not penetrate into the bone. Ca was detected in 
TiO2 locally and a homogeneous distribution of P was 
found in TiO2. The composition of Ca and P in TiO2, 
marked by the square in the SEM micrograph was 
10.5 at% and 5.3 at%, respectively. It is noteworthy 
that both Ca and P are detected in TiO2, indicating 
that a penetration of these elements occurs from the 
bone to TiO2. This result provides an appropriate the 
explanation for the high bonding strength between an 
animal bone and the implanted alloy [1]. It is 
considered that a high bonding strength between the 
bone and implant is attributed to the penetration of 
constituent elements in bone into TiO2, and the 
bioactivity originates from an acceleration of 
crystalline TiO2 formation by HW treatment. On the 
other hand, the mechanism of HW treatment should 
be considered, because hydroxylation of the treated 
surface [2] was not confirmed by the present study. 
Further study focusing on ability of bone ingredients 
incorporation in TiO2 has been in progress. 

Fig. 1. Contact angle under UV illumination (a) and 
degradation rate of MB in the bleaching test with 
illumination time (b) for AO, HW, and AN 

 
Fig. 2. SEM image and EDX mapping of Ti, Nb, O, 
Ca, and P near the rabbit bone and the implanted 
TiNbSn rod. 

[1] X. Cui, H.M. Kim, M. Kawashita, L. Wang, T. Xiong, T. 
Kokubo, T. Nakamura, J. Mater. Sci. Mater. Med. 19 (2008) 
1767-1773. 

[2] H. Tanaka, Y. Mori, A. Noro, A. Kogure, M. Kamimura, N. 
Yamada, S. Hanada, N.Masahashi, E. Itoi, , PLoS One 11 
(2016) e0150081-11. 
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I. Higashi, T. Sakurai, T. Atoda J. Solid State Chem., 20 (1977) 67-77. 
S. Okada, T. Atoda, Yogyo-Kyokai-Shi, 88 (1980) 547-553. 

 

 

Fig.3 Observed (left) and image processed (right) HRTEM images of -(Al,Mg)B12 crystal, taken along the [130] direction. 

 
Fig.2 Selected area electron diffraction patterns of -(Al,Mg)B12 crystal. 
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T. Babaa and T. Moria,e,* 
a National Institute for Materials Science, Tsukuba 305-0044, Japan 
b Institute for Materials Research, Tohoku University, Sendai 980-8577, Japan 
c Kokushikan University, Tokyo 154-8515, Japan 
d National Institute of Advanced Industrial Science and Technology, Tsukuba 305-8568, Japan 
e University of Tsukuba, Tsukuba 305-8671, Japan 

Transmission electron microscopy (TEM), specific heat, and thermal conductivity measurements were 
performed for PrRh4.8B2 single crystals. PrRh4.8B2 compound has a layered crystal structure, where PrRh3B2 
blocks are separated by metal Rh honeycomb layers. The intercalation of the Rh honeycomb layers enhances the 
ferrimagnetic transition temperature. From area-selective picosecond thermoreflectance measurement, the 
cross-plane thermal conductivity of PrRh4.8B2 is estimated as 1.39 Wm-1K-1, much lower than other layered 
borides related with AlB2.
 
APL Mater., 5 (2017) 126103 (1-7) 
 

PrRh4.8B2 single crystals were synthesized by the 
molten Cu metal flux growth method [1]. The 
morphology of the grown PrRh4.8B2 single crystal 
was a hexagonal plate. The layered crystal structure 
of PrRh4.8B2 consists of two characteristic layers, 
CeCo3B2-type PrRh3B2-blocks and Rh honeycomb 
layers [2]. In the PrRh3B2 blocks with 
pseudo-hexagonal symmetry, the Rh Kagome layers 
exist between Pr-B layers.

Figure 1 shows (a) a high-resolution TEM 
(HRTEM) image taken along the [1-30] direction, (b) 
a corresponding selected area electron diffraction 
(SAED) pattern and (c) the atomic arrangement 
determined previously by single crystal X-ray 
diffraction analysis [2]. Sharp diffraction spots 
without superlattice and satellite spots or diffuse 
streaks appear in SAED pattern (Fig. 1(b)). This 
feature indicates that the atomic arrangement is well 
ordered without stacking faults. Three bright layers as 
indicated by smaller white arrowheads in Fig. 1(a) 
correspond to three Pr ones in the PrRh3B2-block. 
The partly-occupied Rh layers, the honeycomb nets, 
between PrRh3B2-blocks were not clearly observed as 
indicated by larger arrowheads, because of low 
occupation probability of two Rh sites (16n and 16l 
positions).

The peak of the specific heat shows a shift toward 
higher temperature with magnetic field, consistent 
with the ferrimagnetic transition. Since the crystal 
structure of PrRh4.8B2 is basically the same with 
PrRh3B2 with additional Rh layers, as an interesting 
effect on the physical properties, the interlayer 
rhodium atoms are indicated to have a large effect on 
the electronic structure of PrRh4.8B2 by enhancing the 
magnetic ordering temperature. With the application 
of magnetic field, the peak shifts to higher 
temperatures.  

Thermal conductivity of PrRh4.8B2 single crystal 
along the c-axis is 1.39 Wm-1K-1, more than one 
magnitude lower than those of other layered metal 
borides AlB2 and -TmAlB4 [3]. The strong phonon 
depression can be considered to be due to the 
characteristic crystal structure of PrRh4.8B2, having 
PrRh3B2 blocks and Rh honeycomb layers with low 
occupation probability of Rh sites. 

 
Fig.1 (a) an HRTEM image viewed along the [1-30] 
direction, (b) a corresponding SAED pattern, and (c) 
the atomic arrangement. Gray, white and black circles, 
and the thick rectangle lines in (c) indicate Pr, Rh and 
B atoms, and the unit cell, respectively. An arrow in 
(a) indicates the periodicity along the [001] direction. 
Smaller and larger arrowheads in (a) correspond to 
three Pr layers in the PrRh3B2-block and Rh 
honeycomb layers, respectively. 

[1] T. Shishido, I. Higashi, H. Yamauchi, S. Okada, K. Kudou, M. 
Oku, H. Horiuchi, T. Fukuda, J. Alloys Compd. , 133 (1999). 
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Common Met. , 211 (1982). 
[3] X. J. Wang, T. Mori, I. Kuzmych-Ianchuk, Y. Michiue, K. 
Yubuta, T. Shishido, Y. Grin, S. Okada, D. G. Cahill, APL Mater. , 
046113 (2014). 
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Figs. Mn (Left) and V (Right) L2,3-edges XMCD 
spectra in Mn2VAl compared with the simulation 
based on DFT and the ionic model. 

Electronic structure and magnetic properties of the half-metallic 
ferrimagnet Mn2VAl probed by soft x-ray spectroscopies 
 
K. Nagaia, H. Fujiwaraa, *, H. Aratania, S. Fujiokaa, H. Yomosaa, Y. Nakatania, T. Kissa, A. 
Sekiyamaa, F. Kurodab,c,d, H. Fujiic,d, T. Oguchic,d, A. Tanakab, J. Miyawakie,f, Y. Haradae,f, Y. 
Takedag, Y. Saitohg, S. Sugad, and R.Y. Umetsuh 
aDivision of Materials Physics, Graduate School of Engineering Science, Osaka University, bDepartment of 
Quantum Matter, ADSM, Hiroshima University, cCMI2-MaDIS, National Institute for Materials Science, 
dInstitution of Scientific and Industrial Research, Osaka University, eInstitute for Solid State Physics, The 
University of Tokyo, fSynchrotron Radiation Research Organization, The University of Tokyo, gMaterials 
Sciences Research Center, Japan Atomic Energy Agency, hInstitute for Materials Research, Tohoku University 

Electronic structure of ferrimagnetic Mn2VAl single crystals was studied by means of soft x-ray absorption 
spectroscopy (XAS) and x-ray absorption magnetic circular dichroism (XMCD). The XMCD signals for all the 
constituent elements were successfully observed. The Mn L2,3 XAS and XMCD spectra are reproduced by 
spectral simulations based on the density-functional theory, indicating the itinerant character of the Mn 3d states. 
On the other hand, the V 3d electrons are rather localized since the ionic model can qualitatively explain the V 
L2,3 XAS and XMCD spectra. 
 
Physical Review B, 97 (2018) 035143 
 

Half-metals are characterized by a peculiar 
electronic structure as one of the spin subbands is 
metallic and the other is semiconducting with a gap at 
the Fermi level (EF) [1]. The expected 100% spin 
polarization at EF is suitable for functional spintronic 
applications. In this work we present the detailed 
electronic structure and magnetic properties of the 
high quality single crystals of L21-ordered Mn2VAl, 
revealed by means of XAS and XMCD for all 
constituent elements. The magnetic moments of the 
Mn sites evaluated by using the magneto-optical sum 
rule [2,3] were qualitatively consistent with the 
results of density functional theory (DFT) within the 
experimental accuracy. 

Single crystalline sample was fabricated with the 
Bridgeman method and a pieces of it was fractured in 
situ in ultrahigh vacuum to obtain the clean surface. 
XAS and XMCD measurements were performed at 
BL23SU in SPring-8 [4]. The spectra were recorded 
in total-electron-yield mode with an energy 
resolution better than 0.1 eV using a superconducting 
magnet in fields up to 2 T along the incident beam 
direction. The electronic structure calculation based 
on DFT has been performed using the HiLAPW code, 
which is based on the all-electron full-potential 
augmented plane-wave (FLAPW) method [5]. 

Figures show the Mn (Left) and V (Right) 
L2,3-edges XMCD spectra, together with the 
simulations based on DFT and the ionic model. Here, 
the ionic calculations based on the full multiplet 
theory were implemented. The local crystalline 
electric field was taken into account for the Mn2+ and 
V2+ ions with tetrahedral (Td) and octahedral (Oh) 
symmetry, respectively. Basically, the sign of the 
XMCD signals is opposite between them, reflecting 
ferrimagnetic coupling of the Mn and V spins. 
XMCD simulation based on the ionic model is 
obviously deviated from the experimental result, 
whereas the DFT-based simulation better reproduces 
the XMCD spectra, indicating the itinerant character 
of the Mn 3d states in Mn2VAl. On the other hand, 

the situation is different in the case of the V L2,3 
spectra. The DFT-based simulation fails to explain 
the existence of the two peak structure observed in 
the low-energy shoulders of the L3-edge. The ionic 
model simulation well reproduces the line shape of 
the XMCD, implying the limitation of the band 
picture for the V 3d states. These results suggest that 
the V 3d electrons are rather localized and thus the 
atomic multiplets should be taken into account for the 
spectral simulations. 

Acknowledgments 
The XMCD measurements were performed underthe 
approval of BL23SU at SPring-8 [No. 2016A 3832]. 
Experiments at SPring-8 BL07LSU were carried out 
jointly by the Synchrotron Radiation Research 
Organization and the Institute for Solid State Physics, 
The University of Tokyo (No. 2016B 7512). 
References 
[1] S. Ishida, S. Asano, J. Ishida, J. Phys. Soc. Jpn., 53 (1984) 

2718. 
[2] B.T. Thole, P. Carra, F. Sette, G. van der Laan, Phys. Rev. 

Lett., 68 (1992) 1943. 
[3] P. Carra, B.T. Thole, M. Altarelli, X. Wang, Phys. Rev. Lett., 

70 (1993) 694. 
[4] Y. Saitoh, Y. Fukuda, Y. Takeda, H. Yamagami, S. Takahashi, 

Y. Asano, T. Hara, K. Shirasawa, M. Takeuchi, T. Tanaka, H. 
Kitamura, J. Synchrotron Rad., 19 (2012) 388. 

[5] E. Wimmer, H. Krakauer, M. Weinert, A. J. Freeman, Phys. 
Rev. B, 24 (1981) 864. 

─ 31 ─



 
A.  

T. Okuno Y. Kaneno T. Yamaguchi S. Semboshi H. Hagino T. Takasugi “Microstructures 
and hardness properties of laser clad Ni base two-phase intermetallic alloy coating” J. Mater. 
Res. 32 (2017) 4531-4540.  
H. Kojima Y. Kaneno M. Ochi S. Semboshi F. Hori Y. Saitoh N. Ishikawa Y. Okamoto
A. Iwase “Ion species/energy dependence of irradiation-induced lattice structure 
transformation and surface hardness of Ni3Nb and Ni3Ta intermetallic compounds” Mater. 
Trans. 58 (2017) 739-748. 
S. Semboshi M. Sato Y. Kaneno T. Takasugi A. Iwase “Grain boundary character 
dependence on nucleation of discontinuous precipitates in age-hardenable Cu-Ti alloy”
Materials 10 (2017) 415.  
H. Kojima M. Ochi Y. Kaneno S. Semboshi F. Hori Y. Saitoh A. Iwase “Thermal stability 
of energetic ion irradiation induced amorphization for Ni3Nb and Ni3Ta intermetallic 
compounds” T-MRSJ 42 (2017) 41-45. 
R. Mayumi S. Semboshi Y. Okamoto Y. Saito T. Yoshiie A. Iwase “Radiation enhanced 
precipitation of solute atoms in AlCu binary alloys–energetic ion irradiation experiment and 
computer simulation-” T-MRSJ 42 (2017) 9-14. 
S. Semboshi S. Amano J. Fu A. Iwase T. Takasugi “Kinetics and equilibrium of age-induced 
precipitation in Cu Ti binary alloys” Metall. Mater. Trans. A 48 (2017) 1501-1511. 

56 (2017) 10-14.  
Cu-Ni-Si

56 (2017) 28-34.  
 
 
B.  

Ni

 2018.3.30  

XAFS
2018 162 2018.3.20

 

Ni
2018 162 2018.3.19  

Cu-Ti
2018 162

2018.3.19  
Cu-Ni-Co-Si

57 2017.11.18  
- Cu-Ti

57 2017.11.18  
Cu-Ti

57 2017.11.18
 

V Ni3Al
172  

2017.10.20  

2017 

─ 32 ─



161 2017.9.18  
,

2017 
161 2017.9.16  

Cu-Ni-Si 2017 161 2017.9.16
 

-
H29 2017.6.14  

Cu-Ti
, 172 2017.4.20  

 
C.  

S. Semboshi Y. Kaneno A. Iwase T. Takasugi Y. Kawahito “Relationship between the 
composition and thermal conductivity for Ni3Al-Ni3V dual two-phase intermetallic alloys”
International Conference on Materials and Systems for Sustainability 2017 (ICMaSS2017), 2nd 
International Symposium on Creation of Life Innovation Materials for Interdisciplinary and 
International Researcher Development (iLIM-2) 2017.9.30 Nagoya (Japan) 
M. Ochi H. Kojima S. Semboshi F. Hori H. Kaneno Y. Saitoh N. Ishikawa A. Iwase
Change in lattice structure of NiTi by ion irradiations with various nuclear and electronic 

stopping powers” IUMRS-ICAM 2017.8. 3 Kyoto (Japan) 
K. Fukuda F. Hori Y. Saitoh S. Semboshi T. Matsui Y. Okamoto H. Takagi A. Iwase
“Magnetic properties and microstructure of metal nanoparticles in oxides induced by energetic 
ion irradiation” 19th International conference on Radiation Effects in insulators (REI-19)
2017.7.4 Versailles (France) 
K. Fukuda M. Tanaka S. Semboshi F. Hori Y. Saitoh A. Iwase “Effect of metal nano-clusters 
produced by ion implantation and subsequent high energy heavy ion irradiation on optical 
properties of transparent oxides” 19th International conference on Radiation Effects in insulators 
(REI-19) 2017.7.4 Versailles (France) 

 
D.  

  
  

 
E.  

6185799 2017.8.4  
 
F.  

2017.11.7
 

109 2017.11.2
 

2017.10.27
 

51
  2017.9.26  

 
G.  

 
I 2017  

2017.11.2  
 

1 2  

─ 33 ─



H.  
 

 
4  

─ 34 ─



 
 

 
 

 
1  

Cu-Ti

 
Ti 3 5 at.%

400 500 oC
Ti fcc

’-Cu4Ti : I 4/m, a = 0.583 nm, c = 0.362 nm (1)
-Cu4Ti : Pmmn, a = 0.453 nm, b = 0.434 nm, c = 1.293 nm

’-Cu4Ti
-Cu4Ti ’-Cu4Ti

(1,2) Ti

Cu-Ti
420 700 oC TTT
 

 
2  

Cu-4 at.% Ti 0.22 mm
60 mm 5 mm

420 700 oC 0 60
FE- SEM
TEM

[2] X
XRD

 
 

3  
Fig. 1 420

FE-SEM 24 h
10 nm  

10 m 10 m

100 nm

(a) (b)

Fig. 1 FE-SEM images of Cu-4 at.l% Ti alloy aged at 
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Fig. 2. A TTT diagram constructed for the Cu-4 
at.% Ti alloy specimens. The initiation of the 

-Cu4Ti precipitation, formation of -Cu4Ti 
species, and microstructural equilibrium are 
represented by the solid lines. The precipitate 
structure was evaluated by the FESEM and 
TEM SAED techniques. 

 
Fig. 3. (a) Electrical conductivity and (b) hardness 
values for the Cu-4 at.% Ti alloy specimens aged 
between 420 C and 650 C. 
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Kinetics and Equilibrium of Age-Induced Precipitation in Cu-Ti Binary 
Alloys  
S. Semboshia,*, S. Amanob, J. Fuc, A. Iwaseb, and T. Takasugib 

 
 

Transformation kinetics and phase equilibrium of metastable and stable precipitates in age-hardenable Cu-Ti 
binary alloy have been investigated. The microstructure of the supersaturated solid solution evolves in four 
stages: compositional modulation due to spinodal decomposition, continuous precipitation of the needle-shaped 
metastable -Cu4Ti, discontinuous precipitation of cellular components containing stable -Cu4Ti lamellae, and 
eventually precipitation saturation at equilibrium. In specimens aged below 650 C, the stable -Cu4Ti phase is 
produced only due to the cellular reaction. The precipitation kinetics and phase equilibrium for the specimens 
aged between 420 C and 650 C were characterized in accordance with a time temperature transformation 
(TTT) diagram and a Cu Ti partial phase diagram, which were utilized to determine the alloy microstructure, 
strength, and electrical conductivity. 
Metall. Mater. Trans. A, 48 (2017) 1501-1511.
 

The microstructural evolution of a Cu-4 at.% Ti 
alloy during aging at 450 oC to 700 oC was studied by 
performing XRD and ICP-OES-based analyses on the 
aging-induced precipitates extracted from the parent 
specimens, as well as by conventional microstructural 
observations. The microstructural evolution of the 
specimens isothermally aged at temperatures between 
420 C and 700 C progressed in accordance with the 
following sequence: (i) compositional modulation 
due to spinodal decomposition, (ii) continuous 
precipitation of the needle-shaped metastable -Cu4Ti 
species with a tetragonal structure, (iii) discontinuous 
precipitation of the cellular components containing 
the lamellar stable -Cu4Ti species with an 
orthorhombic structure, and (iv) precipitation 
saturation in the equilibrium state. For the specimens 
aged below 923 K (650 °C), the formation of the 
stable -Cu4Ti phase is limited by the cellular 
reaction at the grain boundaries, which leads to the 
ultimate occupation by the cellular components in the 
specimens during the final aging stage. In the case of 
aging at 973 K (700 °C), both the nucleated stable 

-Cu4Ti species and pre-existing -Cu4Ti precipitates 
grow at the grain boundaries (most likely because of 
the prominent bulk diffusion at high temperatures). 

According to the TTT diagram proposed in this 
study as shown in Fig. 1, the kinetics of the -Cu4Ti 
initiation due to cellular reaction corresponds to the 
aging conditions for achieving alloy peak hardness at 
temperatures below 650 °C. The proposed TTT 
diagram also reveals that low-temperature aging 
increases the electrical conductivity of peak-hardened 
specimens up to the values exceeding 15 % IACS. 

In this study, the Cu-rich portion of the Cu Ti 
binary phase diagram was revised based on the 
compositional analysis of the precipitates performed 
after the extraction procedure, which is shown in Fig. 
2. The solidus lines for the  phase of the Cu solid 
solution and -Cu4Ti precipitates can be described by 
solid lines in Fig. 2, which were just different from 
previous report [1,2]. 

 

Fig. 1. Aging conditions drawn on the TTT diagram 
for the peak aged and fully aged Cu-4 at. pct Ti alloy 
specimens, which resulted in an increase in the alloy 
electrical conductivity from 10 % to 25 % IACS. 

 

Fig. 2. A Cu-rich portion of the Cu Ti binary partial 
phase diagram proposed in this study, which is 
depicted by the solid lines. The solid circles represent 
the experimental data obtained in this study.  
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Fig.1 Annealing temperature dependence of 
saturation magnetisation of single particle. 

N. Yodoshi ,a, S. Ookawab, R. Yamadac, N. Nomurab, K. Kikuchib, A. Kawasakib 
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Amorphous Fe76Si9B10P5 particles were fabricated by a container-free solidification process and subsequent 
annealing, and their structural and magnetic properties were investigated by X-ray diffraction analysis, transmission 
electronic microscopy, and vibrating sample magnetometry. The -Fe and 
Fe-B compounds. The proportions of the different crystalline phases formed were dependent on the annealing 
temperature. The saturation magnetisation of the single particles was higher than that of the samples prepared by a 
conventional quenching process; this was attributable to the higher homogeneity of the nanocrystalline grains of the 

-Fe to Fe-B compound ratio. 
 
Materials Research Letters, 6, (2018) 100-105 
 

Soft-magnetic materials that exhibit high magnetic 
performance in electronic and power devices have 
attracted considerable interest for their energy-saving 
potential and have, therefore, become the focus of 
extensive research efforts [1]. Non-equilibrium soft- 
magnetic materials show lower core losses over a 
wide frequency range, and this is expected to 
significantly reduce the energy conversion losses in 
the devices based on these materials [2]. Materials 

-Fe 
grains within the amorphous matrix have been 
developed; these materials exhibit lower core losses 
and higher permeabilities and saturation magnetic 
flux densities as compared to those of silicon steel [3]. 

In this study, we investigated the magnetic 
properties of a single spherical particle with a 
homogeneous inner structure. The Fe76Si9B10P5 
particle was fabricated by a container-free 
solidification process called the pulsated orifice 
ejection method (POEM). With this method, the 
number of inner nucleation sites is reduced, resulting 
in nanocrystalline grains with greater homogeneity 
after annealing under optimised conditions [4]. In 
addition, the magnetic isotropy of the particle and the 
absence of perturbing magnetic interactions (due to 
the absence of other magnetic particles in the vicinity 
of the particle being investigated) allowed the 
intrinsic magnetic properties of the material to be 
evaluated in relation to its nanocrystallisation 
behaviour.  

Figure 1 shows the annealing temperature 
dependence of the saturation magnetisation of a 
single particle as measured by the VSM. The 
obtained results in this study indicated that the 
uniform nanocrystallisation of -Fe occurred when 
the samples were annealed post fabrication. 
Accordingly, the saturation magnetization increased 
with the annealing temperature up to 833 K, while 
annealing at higher temperatures induced the 

-Fe into Fe-B compounds. This 
phase transformation was detrimental to the magnetic 

properties, as evidenced by a decrease in the 
saturation magnetisation. Similarly, the lower 
saturation magnetisation exhibited by the ribbons is 
attributable to a similar phase transformation early in 
the annealing process. This study demonstrates the 
feasibility of determining the magnetic properties of a 
material through single-particle investigations. 
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Effects of Minor Precipitation of Large Size Crystals on Magnetic 
Properties of Fe-Co-Si-B-P-Cu Alloy 

 
Y. Zhang1), P. Sharma2), A. Makino2) 

1) Institute for Materials Research, Tohoku University 
2) New Industry Creation Hatchery Center, Tohoku University 

 
Nanocrystalline Fe81.3Co4Si0.5B9.5P4Cu0.7 alloy shows low coercivity (  <10 A/m), but a minor increase in Co 
from 4 to 5 at.% (Fe81.3Co5Si0.5B8.5P4Cu0.7) results in a drastic increase in  (>60 A/m). In terms of structure 
both the alloys in as-quenched state exhibit similar X-ray diffraction patterns. However, existence of a very 
few large sized crystals (above 100 nm) in as-quenched state enhances the . It is possible to obtain a  of 
1.88~1.90 T in this system but it is at the cost of an increase in 
 

1  

During our efforts to further enhance the  of Fe-Co-Si-B-P-Cu alloys, we noticed that some of 
the ribbons exhibiting similar X-ray diffraction pattern in as-quenched state showed significantly 
higher . Reliable use of this alloy requires a clear understanding of this problem. Present study not 
only clarify the reasons for higher  in X-ray amorphous like Fe-Co-Si-B-P-Cu ribbons but also 
emphasizes on the upper limit for obtaining high and low simultaneously. Based on 
experimental results and the model of nanocrystallization in NANOMET® type alloys [1], we 
figured out that the upper limit for simultaneous existence of high  and low  in Fe-Co-Si-B-P-Cu 
alloys is governed by the minor precipitation of larger sized -Fe(-Co) crystals in as-quenched state. 

 
2  

Fe81.3CoxSi0.5B13.5-xP4Cu0.7 ( =3.0-6.0 at.%) ribbons were prepared by a single roller melt spinner. 
The crystallization of amorphous ribbons was carried out in an infrared furnace (IR furnace) under 
the flowing argon gas. The microstructure of melt-spun and annealed ribbons was examined by XRD 
with Cu K radiation, and TEM. Thermal properties were studied by using a DSC at a heating rate of 
40 C/min under flowing argon gas.  was calculated from  measured by VSM. A DC B-H loop 
tracer was used for the measurement of . 
 

3  

Fe81.3CoxSi0.5B13.5-xP4Cu0.7 ( =3.0-6.0 at.%) ribbons annealed under optimum conditions exhibit 
peaks only corresponding to bcc Fe(-Co) phase. Higher concentration of Co results in a high  of 
1.88-1.90 T, due to crystallization of a large number Fe(-Co) grains. The  of as-quenched ribbons 
is similar, and it is measured to be ~20 A/m. After optimum annealing,  was found to decrease to 
below 10 A/m with <4, but minor increase in 4 at.% results in a drastic increase in >60 A/m. 
The average grain size ( ) estimated from XRD based on Scherrer formula was found to increase 
when >4. The possible reasons for rapid increase in  could be increase in .  
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For magnetic softness, we investigated the effects of heating rate ( ) to attain a desired 
annealing temperature, on  and grain size in Fe81.3CoxSi0.5B13.5-xP4Cu0.7 (x=3 and 5) (Fig. 1a). With 
an increase in  from 10~100 C/min,  was found to decrease due to refinement of 
nanocrystalline structure, which is very important to grow the pre-existing and newly created nuclei 
together during the annealing. This makes  important, so that pre-existing nuclei do not have 
enough time to grow when the furnace temperature is raising from room temperature to the optimum 
annealing temperature. However in the present case  as high as 800 C/min cannot result in a 
finer nanocrystalline structure.  

For understanding the difference a minor increase in Co content leads to such a big difference in
, nanostructure was examined by TEM (Fig. 1b). Absence of crystalline precipitates in the 

amorphous matrix is clearly observed for the ribbons with <4 at.% (completely amorphous). 
However for >4 at.%, a low density of crystalline precipitates can be noticed from the TEM images. 
The density of crystalline precipitates is so low that it could not be detected in XRD measurement, 
but the crystalline precipitates are quite big in size ~100-200 nm. Both the ribbons appear to have a 
similar nanocrystalline structure except some regions with bigger grains (black region) in the case 
ribbons with ~5 at.%. Presence of larger size crystals in as-quenched amorphous state may affect 
the crystallization process around them during annealing. This is due to compositional 
inhomogeneity between the regions near the crystalline precipitate and the completely amorphous 
matrix. Alternatively, precipitation of crystalline grains in alloys with composition very close to the 
limit of amorphous forming ability may stabilize the whole amorphous matrix by acquiring the 
excess Fe(-Co) from the matrix to the crystallites precipitates. During annealing, the former case 
may leads to wider grain size distribution, whereas the later process may result in an increase in 
average grain size. 

In Fe-Co-Si-B-P-Cu system the best combination of  (<10A/m) and  (~1.83-1.85 T) is 
obtained when Co is ~4 at.%. This paper is very useful for understanding/solving the problems of 
unintentional changes in magnetic properties, which may arise from slight variations in metal to 
metalloid ratio and/or reduction in amorphous forming ability due to instrumental problems (such as 
cooling rate etc.) during mass production of these ribbons. 
 

4  

Nanocrystalline Fe81.2Co4Si0.5B9.5P4Cu0.8 alloy shows low  <10 A/m, but a minor increase in Co 
from 4 to 5 at.% (Fe81.3Co5Si0.5B8.5P4Cu0.7) results in a drastic increase in  (higher than 60 A/m). 
In as-quenched state, both the alloys appear to be similar in terms of physical appearance and XRD 
measurements. It is possible to realize a fine nanocrystalline structure with bcc Fe(-Co) phase in 
ribbons with higher concentration of Co. However, existence of a few very large crystals (>100 nm) 
in as-quenched state for higher concentration of Co enhances the coercivity. Large numbers of fine 
bcc Fe(-Co) nuclei (~2-5 nm) in as-quenched state for ribbons with higher Co concentration (here 
means higher total concentration of Fe-Co) results in a very high Bs after optimum annealing. In 
Fe-Co-Si-B-P-Cu system the best combination of  (<10A/m) and  (~1.83-1.85 T) is obtained 
when Co is ~4 at.%. This paper is very useful for understanding/solving the problems of 
unintentional changes in magnetic properties, which may arise from slight variations in metal to 
metalloid ratio and/or reduction in amorphous forming ability due to instrumental problems (such as 
cooling rate etc.) during mass production of these ribbons. 
 

 

(1) P. Sharma, X. Zhang, Y. Zhang, A. Makino, Scr. Mater. 95 (2015) 3. 
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Fig. 1. (a) HR dependences of Hc and D, for the 
annealed ribbons (x=3 and 5 at.%); bright field 
TEM images of as-quenched (b) and annealed (c) 
ribbons (x=5) of Fe81.3CoxSi0.5B13.5-xP4Cu0.7.

Effects of Minor Precipitation of Large Size Crystals on Magnetic 
Properties of Fe-Co-Si-B-P-Cu Alloy 
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b Tohoku University, 2-1-1 Katahira, Aoba-ku, Sendai, 980-8577, Japan 

Nanocrystalline Fe81.3Co4Si0.5B9.5P4Cu0.7 alloy shows low coercivity (Hc <10 A/m), but a minor increase in Co 
from 4 to 5 at.% (Fe81.3Co5Si0.5B8.5P4Cu0.7) results in a drastic increase in Hc (>60 A/m). In terms of structure 
both the alloys in as-quenched state exhibit similar X-ray diffraction patterns. However, existence of a very few 
large sized crystals (above 100 nm) in as-quenched state enhances the Hc. It is possible to obtain a Bs of 
1.88~1.90 T in this system but it is at the cost of an increase in Hc. 
 
Journal of Alloys and Compounds, 709 (2017) 663-667 

 
During our efforts to further enhance the Bs of 

Fe-Co-Si-B-P-Cu alloys [1], we noticed that some of 
the ribbons exhibiting similar X-ray diffraction 
pattern in as-quenched state showed significantly 
higher Hc. Reliable use of this alloy requires a clear 
understanding of this problem. Present study not only 
clarify the reasons for higher Hc in X-ray amorphous 
like Fe-Co-Si-B-P-Cu ribbons but also emphasizes on 
the upper limit for obtaining high Bs and low Hc 
simultaneously. We figured out that the upper limit 
for simultaneous existence of high Bs and low Hc in 
Fe-Co-Si-B-P-Cu alloys is governed by the minor 
precipitation of larger sized -Fe(-Co) crystals in 
as-quenched state.  

Fe81.3CoxSi0.5B13.5-xP4Cu0.7 (x=3.0-6.0 at.%) ribbons 
annealed under optimum conditions exhibit peaks 
only corresponding to bcc Fe(-Co) phase. Higher 
concentration of Co results in a high Bs of 
1.88-1.90 T, due to crystallization of a large number 
Fe(-Co) grains. The Hc of as-quenched ribbons is 
similar, and it is measured to be ~20 A/m. After 
optimum annealing, Hc was found to decrease to 
below 10 A/m with x<4, but minor increase in x>4 
at.% results in a drastic increase in Hc>60 A/m. The 
average grain size (D) estimated from XRD based on 
Scherrer formula was found to increase when x>4. 
The possible reasons for rapid increase in Hc could be 
increase in D.  

For magnetic softness, we investigated the effects 
of heating rate (HR) to attain a desired annealing 
temperature, on Hc and grain size in 
Fe81.3CoxSi0.5B13.5-xP4Cu0.7 (x=3 and 5) (Fig. 1a). With 
an increase in HR from 10~100 C/min, Hc was 
found to decrease due to refinement of 
nanocrystalline structure, which is very important to 
grow the pre-existing and newly created nuclei 
together during the annealing. This makes HR 
important, so that pre-existing nuclei do not have 
enough time to grow when the furnace temperature is 
raising from room temperature to the optimum 
annealing temperature. However in the present case 
HR as high as 800 C/min cannot result in a finer 
nanocrystalline structure.  

For understanding the difference a minor increase 
in Co content leads to such a big difference in Hc, 
nanostructure was examined by TEM (Fig. 1b). 
Absence of crystalline precipitates in the amorphous 
matrix is clearly observed for the ribbons with 

x<4 at.% (completely amorphous). However for 
x>4 at.%, a low density of crystalline precipitates can 
be noticed from the TEM images. The density of 
crystalline precipitates is so low that it could not be 
detected in XRD measurement, but the crystalline 
precipitates are quite big in size ~100-200 nm. Both 
the ribbons appear to have a similar nanocrystalline 
structure except some regions with bigger grains 
(black region) in the case ribbons with x~5 at.%. 
Presence of larger size crystals in as-quenched 
amorphous state may affect the crystallization 
process around them during annealing. This is due to 
compositional inhomogeneity between the regions 
near the crystalline precipitate and the completely 
amorphous matrix. Alternatively, precipitation of 
crystalline grains in alloys with composition very 
close to the limit of amorphous forming ability may 
stabilize the whole amorphous matrix by acquiring 
the excess Fe(-Co) from the matrix to the crystallites 
precipitates. During annealing, the former case may 
leads to wider grain size distribution, whereas the 
later process may result in an increase in average 
grain size. 

In Fe-Co-Si-B-P-Cu system the best combination 
of Hc (<10 A/m) and Bs (~1.83-1.85 T) is obtained 
when Co is ~4 at.%. This paper is very useful for 
understanding/solving the problems of unintentional 
changes in magnetic properties, which may arise 
from slight variations in metal to metalloid ratio 
and/or reduction in amorphous forming ability due to 
instrumental problems (such as cooling rate etc.) 
during mass production of these ribbons. 
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4.3.1 Wei Zhang
 

Hard magnetic nanoporous FePt alloys produced by dealloying 
melt-spun Fe-Pt-B alloy and subsequent heat treatment 

 
Dalian University of Technology, Dalian, China 

 
From 21th of August to 5th of September 2017, I 

worked as a visiting professor in the Cooperative 
Research and Development Center for Advanced 
Materials (CRDAM) at the Institute of Materials 
Research, Tohoku University with Associate 
Professor Rie UMETSU.  During this visit, I have 
mainly investigated the structure and magnetic 
properties of the nanoporous FePt alloys, which are 
fabricated by dealloying the melt-spun Fe-Pt-B 
alloys. 

Nanoporous metals possess many unique 
physicochemical properties, what are greatly different 
from those of the bulk alloy systems, which have 
attracted increasing attention for a wide variety of 
functional applications. The most of the reported 
nanoporous metals were fabricated by 
electrochemical dealloying from the simple phase 
solid solution or amorphous alloys, and dual-phase 
alloys, where the less noble components are 
selectively dissolved while remained noble 
components form a three-dimensional nanoporous 
structure through surface diffusion.  

Fig. 1. XRD patterns of the melt-spun Fe60Pt20B20 alloy 
ribbons before and after dealloying. Inset in shows the DSC 
curves.

10

Fig. 1 shows the XRD patterns of the melt-spun 
Fe60Pt20B20 ribbons before and after dealloying in 
H2SO4 solution. All diffractions peaks are indexed to 
the fcc-FePt phase. After dealloying, the peak 
positions are found to shift towards lower diffraction 
angles, from which the change of the lattice-constant 
from 0.376 to 0.381 nm is identified. The increase of 
lattice-constant is to the reduced Fe content in the 
fcc-FePt phase. The HRTEM result confirmed that 
the melt-spun ribbon possesses a nanoscale mixed 
structure consisting of amorphous and fcc-FePt 
phases [3]. DSC results (Fig.1 inset) show that the 
exothermic peak due to the crystallization of 
amorphous phase disappears after dealloying, 
indicating that the dealloyed sample composed of a 
single fcc-FePt phase. 

Fig. 2. Top-view (a) and cross-sectional (b) SEM images, and 
EDS spectrum (c) of the Fe60Pt20B20 ribbons after dealloying. 

 
 Fig. 3 shows hysteresis loops of the np-PtFe alloy 

before and after annealing at 943 K for 600 s. 
Compared with the soft magnetic np-PtFe alloy, the 
annealed sample exhibits the hard magnetic 
characteristic, the  and saturation magnetization are 
8.42 kOe and 51.36 emu/g, respectively. The XRD 
pattern of the sample is shown in Fig. 4. Only the 

10-FePt phase is identified from the diffraction 
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peaks of the sample after annealing. The large Hc is 
obtained for the annealed np-PtFe sample, which is 
related to the formation of the nanoporous structure 
consists of only 10-FePt phase. Because the unit cell 
volume of 10-FePt is smaller than that of the 
fcc-FePt, the ligaments of the np-PtFe alloy increases 
after annealing (Fig. 4b).

 
Fig. 3. Hysteresis loops of the np-PtFe alloy before and after 
annealing. 

In this work, we have fabricated the ferromagnetic 
np-PtFe alloy composed of a single fcc-FePt phase by 
dealloying a dual-phase melt-spun Fe60Pt20B20 ribbon. 
The np-PtFe alloy possesses a bicontinuous 
ligament/channel structure with average ligament and 
pore sizes of about 27 and 12 nm, respectively. After 
proper annealing, the np-PtFe with a single 10-FePt 
phase is obtained, which shows a large  of 8.42 
kOe.  

 

 
 

Fig. 3. XRD patterns of the np-PtFe alloy before and after 
annealing. 
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4.3.2 Vladimir Khovaylo
 
Order-disorder transitions in Mn2CoX and Mn2FeX (X = Al, Ga, Sn) 

inverse Heusler alloys  
 

National University of Science and Technology “MISIS” Russia 
 

This report summarizes my research activities at 
Cooperative Research and Development Center for 
Advanced Materials (CRDAM), IMR, Tohoku 
University, which were performed in collaboration 
with Associate Professor Rie. Umetsu during my stay 
at CRDAM as a visiting professor from December 19, 
2017 to February 18, 2018. Tohoku University is in 
fact alma mater for me for I had defended PhD thesis 
at Graduate School of Engineering in 2002. Later on, 
in 2010 I had stayed five months at Department of 
Materials Science, Tohoku University as a fellow of 
Japanese Society for Promotion of Science. 

During staying at CRDAM, my research was 
focused on order – disorder phenomena in inverse 
Heusler alloys, particularly in Mn2CoX and Mn2FeX 
(X = Al, Ga, Sn). 
 
1. Significance of the inverse Heusler alloys 

Band structure calculations [1,2] have identified a 
large number of alloys with the inverse Heusler 
structure which can be spin gapless semiconductors, 
i.e., magnetic semiconductors with a high Curie 
temperature and 100% polarization of the charge 
carriers. Experimentally, a spin gapless 
semiconductor manifests itself in a high electrical 
resistivity and a small anomalous Hall effect despite 
of a large magnetic moment [3]. Recent experimental 
confirmation of these properties in Mn2CoAl [3] and 
CoFeMnSi [4] has generated enormous interest to the 
inverse Heusler alloys. Since the crystal structure of 
Heusler alloys is prompt to disordering, it is evident 
that the properties of Heusler-based spin gapless 
semiconductors should depend on the degree of 
structural ordering which is turn strongly depends on 
thermal treatment conditions. Evidently, in order to 
obtain highly ordered samples, the annealing 
temperature should be below so-called order–disorder 
phase transition temperature. It should be noticed in 
this context that, to the best of my knowledge, no 
experimental work has been devoted so far to 
determine this transition temperature in inverse 
Heusler alloys. This motivated us to study order – 
disorder transition in polycrystalline samples of the 
inverse Heusler alloys by differential scanning 
calorimetry (DSC).  

 
2. Order–disorder in Mn2CoX 

DSC curves measured upon cooling and heating in 
as-prepared as well as in annealed polycrystalline 
samples of Mn2CoGa and Mn2CoSn are shown in 
Figs. 1 and 2, respectively. Speaking about the 

Mn2CoAl, no clear DSC anomaly which would be 
attributed to an order – disorder transition was 
detected for this system. 

 

 
Fig. 1. DSC curves measured for as prepared and for annealed 
polycrystalline samples of Mn2CoGa. 

 
Well-defined peaks are clearly seen on DSC 

heating and cooling scans at  = 772 oC. Absence of 
a temperature hysteresis between heating and cooling 
peaks implies that the order – disorder transition in 
Mn2CoGa is a phase transition of a second order. 
Presence of a DSC peak at  = 772 oC in the as 
prepared sample indicates that a superstructural 
ordering is developed in non-treated samples. Besides 
the peaks corresponding to the order – disorder 
transition, additional DSC peak is observed at a lower 
temperature  = 455 oC (Fig. 1). According to the 
literature [5], this peak corresponds to the Curie 
temperature of Mn2CoGa. 
 

 
Fig. 2. DSC curves measured for as prepared and for annealed 
polycrystalline samples of Mn2CoSn. 
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As compared to Mn2CoGa, DSC measurements of 
Mn2CoSn revealed much more complex sequence of 
phase transitions in this material. Judging by results 
of the DSC measurements (Fig. 2) both annealed and 
as prepared Mn2CoSn samples exhibit two phase 
transitions at high temperatures. The first transition 
occurs at  = 863 oC while the second transition 
takes place at  = 940 oC. It can be suggested that 
the DSC peak at  = 863 oC corresponds to a 
transition from ordered Heusler to a partially 
disordered B2  structure while the DSC peak at  = 
940 oC is related to a transition from the partially 
ordered B2  to the completely disordered A2 structure. 
As in the case of Mn2CoGa, a DSC anomaly seen at 

 = 310 oC (Fig. 2) corresponds to the Curie 
temperature of Mn2CoSn. 

 
3. Order–disorder in Mn2FeX 

The Mn2FeX (X = Al, Ga, Sn) alloys turned out to 
crystallize in structures which considerably differ 
from the expected for nominally Heusler composition, 
Mn2FeX. Specifically, Mn2FeAl and Mn2FeGa were 
found to crystallize in a primitive cubic structure 
( -Mn crystal type, space group P4332) while 
Mn2FeSn adopted hexagonal crystal structure (Ni3Sn 
crystal type) with lattice parameters  = 0.5577 nm,  
= 0.4458 nm. X-ray diffraction patterns taken from 
these compounds at room temperature are shown in 
Fig. 3. 

 

 
Fig. 3. X-ray diffraction patterns taken from Mn2FeX at room 
temperature. 
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Development of Oxide and Halide Based Scintillating Crystals  
Valery I. TCHANI 
Svetcha, Canada

This report summarizes my research during three-month 
visit to IMR, Tohoku University from September 1 to 
November 30, 2016. My past experiences of 
collaboration with IMR included Postdoctoral Fellowship, 
employment as a staff member and as a visiting 
researcher/professor. 

The purpose of the visit was to participate in research 
projects associated with development of novel scintillating 
materials and crystal growth of oxide, halide, and other 
crystals with wide spectrum of possible applications. 

1. Growth of Lu2O3 Crystals.
The growth of single rare-earth oxide crystals including

Lu2O3 is complicated task in spite of their chemical 
simplicity.  This is associated with their exceptionally 
high melting point of about 2500°C.  Nevertheless, 
growth of these crystals by Czochralski (CZ), heat 
exchanger method, Bridgman method, laser heated pedestal 
growth (LHPG), Verneuil process, floating zone, and flux 
method were attempted.  Additionally, growth of such 
crystals by micro-pulling-down method (μ-PD) in 
atmosphere of Ar+H2 was established in Tohoku 
University. 

Main disadvantage of the μ-PD growth of Lu2O3 and 
other rare-earth oxides is associated with difficulty of the 
process control.  Application of automatic diameter 
control based on weight measurement like in CZ is not 
easy because solidification rate (g/min) in the μ-PD is low. 
As a result, visual monitoring of the meniscus shape and its 
dimensions is mostly practiced in the μ-PD growths. 

The μ-PD growth of the Lu2O3 crystals established in the 
past was performed using the apparatus where the Ar+H2 
atmosphere of the hot zone was isolated from exterior 
environment with vertical quartz tube.  The tube was 
positioned inside the induction coil used for the crucible 
heating (Fig.1 and Fig.2, tops).  This tube sited just a few 
mm away from the extremely hot ceramic forming the hot 
zone.  As a result, degradation of the tube transparency 
was progressed very fast.  At the beginning of the growths, 
the transparency was sufficiently high.  Therefore, the 
seeding was mostly successful.  However, thereafter the 
visibility was lost due to partial re-crystallization of the 
fused quartz and deposition of evaporated materials in the 
interior parts of the tube. 

Oppositely, in the case of the μ-PD system with 
chamber design the window is positioned at room 
temperature.  Therefore, its transparency does not change 
(Fig.1 and Fig.2, bottoms). 

In this work, the growths were performed using 
μ-PD system with chamber design and Re crucible 
that was about 30 mm in outer diameter.  The  

Fig.1. Schematic diagram of the μ-PD growth with quarts tube (top) 
and chamber (bottom) designs. 

the die (5 mm in diameter) are illustrated in Fig.3.  The 
seed was made from W/Re wire, and it was attached to the 
alumina seed holder (Fig.4).  Examination of Y2O3 
ceramic as a seed material was not successful. 

Number of attempt were made to optimize the growth 
conditions.  The best results were obtained when the 
thermal insulation of the hot zone was constructed 
according to Fig.5 

Two types of after-heaters were tested.  The original 
one (Fig.6) was excessively massive.  As a result, the 
temperature gradient established below the crucible was 
not sufficient to support solidification of the melt under the 
die.  Therefore, the after-heater that was about twice 
shorter and had vertical cross-cut was used in the 
optimized growths.  Finally, the crystal with dimensions 
illustrated in Fig.7 was produced. 
The results of X-ray powder diffraction analysis 
demonstrated that the produced material was single phase 
Lu2O3.  This project is in progress. 

2. Topics of Other Activities (Assistance to IMR Staff,
Students, etc.)

1. Effects of Na co-doping on optical and scintillation
properties of Eu:LiCaAlF6 neutron scintillator crystals 

2. Growth and scintillation properties of 2inch diameter
SrI2(Eu) single crystal. 
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Fig.2. View of the actual μ-PD systems with quarts tube (top) and 
chamber (bottom) designs. 

Fig.3. Bottom part of the Re crucible. 

Fig.4. W/Re wire seed. 

Fig.5. Schematic diagram of the hot zone with Zr2O ceramic thermal 
isolation. 

Fig.6. View of original Re after-heater. 

Fig.7. As grown Lu2O3 crystal. Scale is in mm. 

3. Co-Authored Manuscript Accepted for Publication
(in Press)

1. M. Yoshino, K. Kamada, Y. Shoji, A. Yamaji, S.
Kurosawa, Y. Yokota, Y. Ohashi, A. Yoshikawa, V.I. Chani, 
Effect of Mg co-doping on scintillation properties of 
Ce:Gd3(Ga,Al)5O12 single crystals with various Ga/Al 
ratios, J. Cryst. Growth. 

2. Y. Yokota, T. Kudo, V. Chani, Y. Ohashi, S. Kurosawa,
K. Kamada, Z. Zeng, Y. Kawazoe, A. Yoshikawa,
Improvement of dopant distribution in radial direction of
single crystals grown by micro-pulling-down method, J.
Cryst. Growth.

3. T. Nihei, Y. Yokota, M. Arakawa, Y. Ohashi, S.
Kurosawa, K. Kamada, V. Chani, A. Yoshikawa, Growth of 
platinum fibers using the micro-pulling-down method, J. 
Cryst. Growth. 
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