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The effect of exposed facets on the photocatalytic characteristics of (oxy)nitrides has been studied to achieve enhanced 
photocatalytic and photoelectrochemical water splitting performances. The advantage of flux method is the presence of facets on 
flux-grown crystals. Tantalum nitride (Ta3N5) is a widely used photocatalyst for solar water splitting, and faceted Ta3N5 crystals 
have been fabricated by the flux method. In this study, we report on the growth of Ta3N5 crystals from ACl±Na2CO3 (A   Na, K, and 
Cs) mixture fluxes under NH3 gas flow. Spherical aggregates consisting of well-formed prismatic Ta3N5 crystals were obtained from 
the mixture fluxes. The prismatic crystals grown from KCl±Na2CO3 and CsCl±Na2CO3 fluxes were smaller than those grown from 
Na2CO3 flux; that is, the addition of these chlorides led to the miniaturization of prismatic crystals. The chlorides promoted the 
evaporation of Na2CO3, resulting in Ta3N5 crystals with small sizes. The photocatalytic activity for O2 evolution on the Ta3N5
crystals was examined under visible light irradiation. Ta3N5 crystals grown from several ACl±Na2CO3 fluxes showed higher 
photocatalytic activity than those grown from Na2CO3 flux. 
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࿌࡚ࢀࡉ௨᮶[1]㸪ග㟁ᴟࡸගゐ፹࡚࠸⏝ࢆ㸪ගࢆ࣮ࢠࣝࢿ࢚

⏝࡚ࡋỈࢆỈ⣲㓟⣲ศゎࡿࡍᢏ⾡ࠋࡓࡁ࡚ࢀࡉ✲◊ࡀ

ᆅ⌫㇏ᐩᏑᅾࡿࡍỈࡽỈ⣲ࢆ〇㐀࡛ࡤࢀࡁ㸪㈨※ၥ㢟

ゎỴ୍ࡢຓࡓࡲࠋࡿ࡞㸪Ỉ⣲㓟⣲ࡀᛂࡿࡍ㝿ࣝࢿ࢚

ࡓࡿ࠶࡛ࡳࡢỈࡣࡢࡿࢀࡉฟ㝿ࡢࡑ㸪ࡀࡿࢀࡽᚓࡀ࣮ࢠ

 ࠋࡿ࠶᭷ຠ࡛ࡶゎỴࡢ㸪⎔ቃၥ㢟ࡵ
ኴ㝧ගࡣ㸪⣸እග㸪ྍどගࡧࡼ࠾�㏆�㉥እගࢀࡒࢀࡑࡀ

⣙ 5㸪54 ࡧࡼ࠾ ࡃࡼ࡚ࡋගゐ፹ࠋࡿࢀࡲྜ࡛ྵࡢ% 41

ࡣࣉࢵࣕࢠࢻࣥࣂࡢ�TiO2�ࣥࢱࢳ㓟ࡿࢀࡽ▱ 3.0㹼3.2 eV
㸪Ἴ㛗ࡵࡓࡢࡑࠋ[2]ࡿ࠶࡛ 400 nm ௨ୗࡢ⣸እගࡋ྾࡛
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Ta3N5 ࡣ㸪᱁Ꮚᐃᩘࡋᒓ᪉ᬗ⣔┤ࡣ a   3.8862㸪b   

10.2118 ࡧࡼ࠾ c   10.2624 c ࡣࣉࢵࣕࢠࢻࣥࣂࠋࡿ࠶࡛ 2.1 
eV 㸪⣙ࡾ࠶࡛ 590 nm ௨ୗྍࡢどගࢆ྾࡛ࡓࡲࠋ[4]ࡿࡁ㸪
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ࡧ NaTaO3 ࢆ࡞ NH3 Ẽὶୗ࡛ຍ⇕࡛ࡇࡿࡍ Ta3N5ࡀᚓࡽ
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㸪Taࡣᡂ࡛⫱ࢫࢡ ࡣ※ Ta ᇶᯈ⾲㠃ࢆ㓟ࡓࡋ TaOxࢆ⏝

ࢫࢡࢵࣛࣇ㸪ࡽ㦂⤒ࡢࠎᡃࡧࡼ࠾᪤ሗࠋ[19-21]ࡿ࠸࡚ࡋ

≀㓟࡞Ᏻᐃ࡚ࡋᛂࢫࢡࢵࣛࣇࡣ࠸ࡿ࠶࠸పࡀゎᗘ⁐ࡢ

㸪Ta࡛⏤⌮ࡢ࡞ࡿࡍᡂ⏕࡚ࡋ≀⏕ᡂࡀ 㓟ࡀ

ࡓࡋ Ta2O5ࡣ Ta3N5ࡢฟⓎཎᩱ࡚ࡋ㐺࡛ࠋࡿ࠼⪄ࡿ࠶ 
ᡃࡣࠎ㸪⤖ᬗ㠃ࡀⓎ㐩ࡓࡋ⢊ᮎ≧ࡢ Ta3N5 ⤖ᬗࡢ⫱ᡂࢆ┠

ᣦࡋ㸪Ta 㔠ᒓ࡚ࡋ※ Ta ⢊ᮎࢆ㸪࡚ࡋࢫࢡࢵࣛࣇ Na2CO3

࡚࠸⏝ࢆ Ta3N5 ⤖ᬗࢆ⫱ᡂࡢࡑࠋ[23]ࡓࡋ⤖ᯝ㸪ᖹᆠ࡞㠃࡛

ᅖࡓࢀࡲゅᰕ≧ Ta3N5 ⤖ᬗࡀᚓࡓࡲࠋࡓࢀࡽ㸪Ta3N5 ༢୍ࡀ

┦࡛ᚓࢀࡽ㸪⋡ࡣ 㸪㔠ᒓࡁࡢࡇࠋࡓࡗ㏆% 100 Ta
⢊ᮎࡢ௦ࡾࢃ Ta2O5 ࡸ TaCl5 ࢆ Ta 㸪ࡿ࠸⏝࡚ࡋ※

NaTaO3 ࡸ TaON ࡋⓎ㐩ࡢ㸪⤖ᬗ㠃ࡋᡂ⏕࡚ࡋ≀⏕ᡂࡀ

ࡓ Ta3N5⤖ᬗࡶᚓ࠺ࡼࡢࡇࠋ࠸࡞ࢀࡽ㸪Ta ᡂ⏕ࡀᡂ⤌ࡢ※

᫂ࡶࡽᯝ⤖ࡢࠎᡃࡀࡇࡿࡍᙳ㡪≦ᬗᙧ⤖ࡸ┦ᬗ⤖ࡿࡍ

ࡣᡂ⫱ࢫࢡࢵࣛࣇࡢ㸪Ta3N5⤖ᬗࡾ࠶࡛ࡽ Ta 㔠ᒓࡀ㐺ࡋ

 ࠋࡓࡅㄽ⤖ࡿ࠸࡚
ᮏ◊✲࡛ࡣ㸪Ta3N5 ⤖ᬗࢫࢡࢵࣛࣇࡢᡂ㛗㛵ࡿࡍ᪂つ▱

ぢࡢ⋓ᚓࡧࡼ࠾ගゐ፹Ỉศゎάᛶࢆࡧࡼ࠾ୖྥࡢ┠ᣦࡋ㸪

ACl±Na2CO3�A   Na, K, Cs�ΰྜ࡚࠸⏝ࢆࢫࢡࢵࣛࣇ Ta3N5⤖

ᬗࢆ⫱ᡂࠋࡓࡋሷ≀ࢆῧຍ࡛ࡇࡿࡍ㸪ࡢࢫࢡࢵࣛࣇⓎ

ᣲືࡀኚࡋ㸪⏕ᡂ⤖ᬗࡸࢬࢧࡢᙧ≧ࡀኚࢆࡇࡿࡍᮇ

ᚅࡓࡲࠋࡓࡋ㸪K2CO3㸪NaCl ࡧࡼ࠾ KCl ࢫࢡࢵࣛࣇ⊃༢ࡢ

ࢡࢵࣛࣇࡢ≦ᙧࡧࡼ࠾┦㸪⏕ᡂ⤖ᬗࡋᐇࡶᬗ⫱ᡂ⤖ࡢࡽ

 ࠋࡓࡋㄪᰝࢆᙳ㡪ࡢ✀ࢫ

㸰㸬ᐇ㦂᪉ἲ 
Ta3N5 ⤖ᬗࡢ⫱ᡂࡣ㸪Ta 㔠ᒓ࡚ࡋ※ Ta ⢊ᮎ�Xuzhou 

Jiechuang New Material Technology Co., Ltd�ࢆ㸪ࢫࢡࢵࣛࣇ

ග⣧⸆ᰴᘧ࣒ࣝࣇNaCl㸪KCl㸪CsCl㸪ᐩኈ�ሷ≀࡚ࡋ

♫�ࡧࡼ࠾Ⅳ㓟ሷ�Na2CO3㸪K2CO3㸪ᐩኈ࣒ࣝࣇග⣧⸆

ᰴᘧ♫�࠾࡞ࠋࡓ࠸⏝ࢆ㸪Ta3N5 㸪NH3ࡣ⣲ᡂศ❅ࡢ ࢫ࢞

�ఫ⢭ᰴᘧ♫�ࡽ౪⤥ࠋࡓࡋTable 1 ᡂ᮲⫱ࡢ㸪⤖ᬗ

Taࠋࡿࡵࡲࢆ௳ ⢊ᮎࡣ 3 mmol ±㸪AClࡓࡲࠋࡓࡋ୍⤫
Na2CO3�A   Na, K, Cs�ΰྜࡢࡽࢫࢡࢵࣛࣇ⤖ᬗ⫱ᡂ࡛ࡣ㸪

Na2CO3 ༢⊂ࡢࢫࢡࢵࣛࣇሙྜ�run no. 1�[21]ྠ㔞�0.33 
mmol�ࡢ Na2CO3 ±NaClࠋࡓ࠼ຍࢆ≀ሷࡽࡉ㸪࠸⏝ࢆ
Na2CO3ࡣ㸪NaCl:Na2CO3 55:45�ࣔࣝẚ�ࡁࡢ 633 °C ඹᬗࡢ

Ⅼࡵࡓࡢࡑࠋ[24]ࡘࡶࢆ㸪NaCl 㔞ࢆ 0.41 mmol 㸪ࡋタᐃ

KCl ࡧࡼ࠾ CsCl 㔞ࡌྠࢀࡑࡶタᐃࠋࡓࡋ 
Ta ⢊ᮎ 3 mmol ࢆ�Table 1�⢊ᮎヨ⸆ࡢࢫࢡࢵࣛࣇྛࡧࡼ࠾

⛗㔞ࡋ㸪ᘧΰྜࡓࡋᚋ㸪Pt Ptࠋࡓࡋሸࣝࢭ ᶓᆺࢆࣝࢭ

࡚ 㸪ᐊࡋ⨨タ⅔≦⟶ 200 mLāminí1ࡢ N2ࢆࢫ࢞ 20 min
ὶ㏻ࡢࡑࠋࡓࡏࡉᚋ㸪NH3 㸪࠼᭰ࡾษ�mLāminí1 200�ࢫ࢞

10 °Cāminí1࡛ 950 °C ᗘ࡛ ࡢࡑ㸪ࡋ⇕ຍ࡛ࡲ 5 h ಖᣢࠋࡓࡋ

ಖᣢ⤊ᚋ㸪300 °C ࡛ࡲ NH3Ẽὶ୰࡚㸪300 °C ࡲ ᐊࡽ

࡛ N2 Ẽὶ୰࡚ᨺ෭ࠋࡓࡋṧᏑࢆࢫࢡࢵࣛࣇࡿࡍ Ỉ࡛⁐

ゎ㝖ཤࡋ㸪100 °C ࡛⇱࡛ࡇࡿࡍ⏕ᡂ⤖ᬗࢆᅇࠋࡓࡋ 
⏕ᡂ⤖ᬗࢆ㟁⏺ᨺฟᆺ㉮ᰝ㢧ᚤ㙾�FESEM㸪JSM-7600F㸪

᪥ᮏ㟁Ꮚᰴᘧ♫�࡚ほᐹࡋ㸪⢊ᮎ X ⥺ᅇᢡ⨨�XRD㸪

MiniFlexϩ㸪X ⥺※㸸Cu KĮ ⥺㸪ᰴᘧ♫࡚ࣜ�ࢡ࢞⤖ᬗ┦

⨨㸪⮬ືẚ⾲㠃✚㸭⣽Ꮝศᕸ ᐃࡓࡲࠋࡓࡋᐃྠࢆ

�BELSORP-mini㸪࣭ࣝ࣋ࢡࢵࣛࢺࣟࢡ࣐ᰴᘧ♫�࡚

BET ẚ⾲㠃✚ࢆ ᐃࡽࡉࠋࡓࡋ㸪⣸እ㸫ྍどᣑᩓᑕ࣌ࢫ

V-670㸪᪥ᮏศගᰴᘧ�ศගගᗘィࢆ�UV-vis DRS�ࣝࢺࢡ

 ࠋࡓࡋᐃ ࡚�♫

㓟⣲⏕ᡂάᛶホ౯ࡣ㸪ྵᾐἲ࡚ CoOx ຓゐ፹ࢆᢸᣢࡋ

ࡓ Ta3N5 ⤖ᬗࡎࡲࠋࡓ࠸⏝ࢆ㸪0.1 M ሷ㓟 1 min ᾐₕ࡚ࡋ

Ta3N5 ⤖ᬗࢆὙίࠋࡓࡋḟ㸪Co/Ta3N5 ࡀ㔜㔞ẚࡢ 2 wt%

࠺ࡼࡿ࡞ Co(NO3)2ā6H2O�㛵ᮾᏛᰴᘧ♫�ࡢỈ⁐ᾮࢆ

Ta3N5 ⤖ᬗຍࡓ࠼ᚋ㸪ຍ⇕࡚ࡋỈศࢆⓎࠋࡓࡏࡉ⇱ࡋ

࡚㸪NH3Ẽὶ୰ࡋ⨨タ⅔≦⟶ᆺ⦪ࢆ⢊ᮎࡓ 500 °C ࡛ 1 h
ຍ⇕ࠋࡓࡋᚓࡓࢀࡽ CoOx/Ta3N5 ⢊ᮎ�0.1 g�㸪La2O3 ⢊ᮎ�pH
ㄪᩚ㸪0.2 g㸪ᐩኈ࣒ࣝࣇග⣧⸆ᰴᘧ♫�ࡧࡼ࠾

AgNO3Ỉ⁐ᾮ�≛≅㸪50 mM㸪300 mL�ࢆᛂᐜჾධࢀ㸪

ഃ᪉ࡽ Xe ࡼගゐ፹ᛂࠋࡓࡋᑕ↷ࢆ�Ȝ ! 420 nm�ࣉࣥࣛ

ࡓࡋᡂ⏕ࡾ O2 ࡧࡼ࠾ N2 GC-8A㸪�࣮ࣇࣛࢢࢺ࣐ࣟࢡࢫ࢞ࢆ

ᰴᘧ♫ᓥὠ〇సᡤ�࡚ ᐃࠋࡓࡋ 

㸱㸬⤖ᯝ⪃ᐹ 
ACl±Na2CO3�A   Na, K, Cs�ࢫࢡࢵࣛࣇ�run no. 2㹼4�ࡽ⤖

ᬗࢆ⫱ᡂࡿࡍ㸪ࡶࡽࢫࢡࢵࣛࣇࡢࢀࡎ࠸㉥〓Ⰽࡢ⢊ᮎࡀ

⏕ᡂࠋࡓࡋἼ㛗⣙ 590 nm ࡘࡶࢆ➃ග྾ Ta3N5 㸪㏻ᖖࡣ

㉥ࢆࡳᖏࡓࡧ⢊ᮎ࡛ࠋࡿ࠶Fig.1 ࡢ㸪⏕ᡂ⤖ᬗ XRD ࣮ࢱࣃ

᮲௳࡛㸪Ta3N5ࡢ࡚ࡍࠋࡍ♧ࢆࣥ ࡓࡋ༢୍┦࡛⏕ᡂࡰࡀ

ࡧࡼ࠾NaCl±Na2CO3ࠋࡿࢃࡀࡇ CsCl±Na2CO3ࢫࢡࢵࣛࣇ

ࡎࢃሙྜ㸪ࡓࡋᡂ⫱ࡽ NaTaO3 ±NaClࠋࡓࢀࡉ ほࡀ
Na2CO3 ࡃ࡞࡛ࡅࡔ CsCl±Na2CO3 ᡂ⏕ࡶሙྜࡢࢫࢡࢵࣛࣇ

ࡢ㸪ཎᩱࡽࡇࡓࡋ Ta ࡓ࠸⏝࡚ࡋࢫࢡࢵࣛࣇ Na2CO3

࡚ࡗࡼᛂࡢ NaTaO3ࡀ⏕ᡂࠋࡿ࠼⪄ࡓࡋNaTaO3ࡢ⏕ᡂ

㸪NaTaO3ࡵࡓࡿ࠶࡛ࡎࢃࡃࡈࡣ ࡓࡗ࡞ࢀࡉ ほࡀ KCl±
Na2CO3 ࡣ࠸㐪ࡢ≦ᛶࡢࢫࢡࢵࣛࣇ㸪࡚ࡋẚ㍑ࢫࢡࢵࣛࣇ

 ࠋࡿ࠼⪄࠸࡞ࢇ
Fig.2�a�㸪KCl±Na2CO3 ࡢᬗ⤖ࡓࡋᡂ⫱ࡽࢫࢡࢵࣛࣇ

SEM ീࠋࡍ♧ࢆ⏕ᡂ⤖ᬗࡣ㸪⣽㛗࠸ᰕ≧⤖ᬗࡽᡂࡿ┤ᚄ 1
㹼5 �m 㸪Ta�b�Fig.2ࠋࡓࡗ࠶㞟ྜయ࡛≦⌫ࡢ ⏝࡚ࡋ※

ࡓࡋ Ta ⢊ᮎࡢ SEM ീࠋࡍ♧ࢆTa ⢊ᮎࡣ 1㹼4 �m ࡛≦⌫ࡢ

༑ᩘ࿘ᅖࡢࡑ㸪ࡾ࠶ nm ほᐹࡀᵝᏊࡓࡋ╔ࡀ⢏Ꮚ≦⌫ࡢ

Ta3N5⤖ᬗ㞟ྜయࠋࡓࢀࡉ Ta ⢏Ꮚࡢᙧ≧ࡀࢬࢧࡸ㢮ఝࡋ

㸪Taࡽࡇࡿ࠸࡚ ⢏Ꮚࡀ⮬ᕫ≛≅ᆺࡋࢺ࣮ࣞࣉࣥࢸࡢ

࡚ാ࡚࠸ Ta3N5 ⤖ᬗࡀ⏕ᡂࠋࡿ࠼⪄ࡓࡋᮏㄅ㠃పಸ⋡

SEM ീࢆᥖ㍕ࡀ࠸࡞࠸࡚ࡋ㸪NaCl±Na2CO3 ࡧࡼ࠾ CsCl±

7DEOH �  $PRXQWV RI WKH IOX[ XVHG IRU WKH JURZWK RI WKH 7D�1� 
FU\VWDOV� 7KH GDWD RI 1D�&2� �UXQ QR� �� LV UHSULQWHG ZLWK 
SHUPLVVLRQ IURP UHI���� &RS\ULJKW ���� 5R\DO 6RFLHW\ RI 
&KHPLVWU\� 
 

UXQ QR� IOX[ 

� 1D�&2�  ���� PPRO í 
� 1D�&2�  ���� PPRO 1D&O  ���� PPRO 
� 1D�&2�  ���� PPRO .&O  ���� PPRO 
� 1D�&2�  ���� PPRO &V&O  ���� PPRO 
� .�&2�  ���� PPRO í 
� 1D&O  ���� PPRO í 
� .&O  ���� PPRO í 
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Na2CO3 ࡲࠋࡓࡗ࠶㞟ྜయ࡛≦⌫ࡢᵝྠࡶሙྜࡢࢫࢡࢵࣛࣇ

㸪Na2CO3ࡣ≦ᙧࡢࡇ㸪ࡓ 㸪ࡾ࠶࡛ࡌྠࡶሙྜࡢࢫࢡࢵࣛࣇ

ሷ≀ࢆῧຍࡶ࡚ࡋ⤖ᬗᙧ≧࡞ࡁኚࢃࡀࡇ࠸࡞ࡀ

ࡶ࣒ࢬࢽ࢝ᡂ㛗࣓ࡢࡑ㸪ࡣࡇࡿ࠶ᵝ࡛ྠࡀ≦ᬗᙧ⤖ࠋࡓࡗ

Na2CO3 ༢⊂ࢫࢡࢵࣛࣇ㢮ఝ࡛ࡀࡇࡿ࠶♧၀ࠋࡿࢀࡉ㔠

ᒓ Ta 㸪Na2CO3ࡣ 㸪࡛ࡇࡿసࢆ୰㛫య࡚ࡋᛂࢫࢡࢵࣛࣇ

Ta3N5 㸪᪤ሗࡣ࡚࠸ࡘヲ⣽ࡢ࣒ࢬࢽ࢝ᡂ㛗࣓ࠋࡿࡍᡂ⏕ࡀ

 ࠋ[23]࠸ࡓࢀࡉ↷ཧࢆ
Fig.3 ࡋᡂ⫱ࡽࢫࢡࢵࣛࣇ�A   Na, K, Cs�㸪ACl±Na2CO3

⋠㧗ಸࡢᬗ⤖ࡓ SEM ീࠋࡍ♧ࢆ⤖ᬗ㠃ࡢⓎ㐩ࡓࡋゅᰕ≧⤖

ᬗࡀほᐹࠋࡓࢀࡉTa ᵝྠࡽࢀࡇ㸪ࡀࡿ࠶࡛ࡲࡊࡲࡉࡣ※

≦ゅᰕ࠸⣽㛗ࡢ Ta3N5⤖ᬗࡀ Na2CO3[16,23]㸪NaCl±NaF[18]࠾
ࡧࡼ KI ሗ࿌ࡢࡽࢀࡇࠋࡿ࠸࡚ࢀࡉᡂ⫱ࡽ[19]ࢫࢡࢵࣛࣇ

㸪ࡾ࠶㠃࡛`001^ࡧࡼ࠾`010^ࡣⓎ㐩㠃ࡢ㸪ゅᰕ≧⤖ᬗഃ㠃ࡽ

ఙ㛗᪉ྥ[100]ࡣ᪉ྥ࡛ࠋࡿࢀࡽ࠼⪄ࡿ࠶ 
୍᪉㸪ࡽࢫࢡࢵࣛࣇࡢࢀࡎ࠸⫱ᡂࡓࡋ⤖ᬗࡶᇶᮏᙧ≧ࡣ

ྠᵝ࡛ࡀࡿ࠶㸪ࡿ࠸⏝࡚ࡋࢫࢡࢵࣛࣇሷ≀ࡢ✀㢮ࡗࡼ

࡚ಶࡢࠎᰕ≧⤖ᬗࡾ࡞␗ࡀࢬࢧࡢ㸪CsCl㸪KCl㸪NaCl 㡰ࡢ

ࠋࡓࡋᡂ⏕ࡀᰕ≧⤖ᬗ�࠸ࡁࡀẚࢺࢡ࣌ࢫ�࠸ᑠᆺ࡛⣽

㸪Na2CO3࠾࡞ ༢⊂ࡢࢫࢡࢵࣛࣇሙྜ㸪NaCl±Na2CO3 ࢵࣛࣇ

ࡋࠋࡓࡗ࠶ⱝᖸᑠᆺ࡛ࡶࡾࡼࢀࡑࡣ࠸ࡿ࠶➼ྠሙྜࡢࢫࢡ

㸪CsCl±Na2CO3㸪KCl±Na2CO3㸪ࡣࢬࢧ㸪⤖ᬗ࡚ࡗࡀࡓ

Na2CO3㸪NaCl±Na2CO3 ᰕ≧⤖ᬗࡢࡽࢀࡇࠋࡓࡗࡉᑠ㡰ࡢ

㢮✀ࡢࡑࡧࡼ࠾↓᭷ࡢࢫࢡࢵࣛࣇ≀㸪ሷࡣኚࡢࢬࢧ

㉳ᅉࡎࡲࠋࡿ࠼⪄ࡿࡍ㸪ሷ≀ࡢࢫࢡࢵࣛࣇ᭷↓ࡢᙳ㡪

㸪Taࡣᮏᐇ㦂࡛ࠋࡿࡍᐹ⪄࡚࠸ࡘ ⢊ᮎࡧࡼ࠾ Na2CO3 ࢵࣛࣇ

≀ሷࡣሙྜࡢࢫࢡࢵࣛࣇ㸪ΰྜ࡛ୖࡓࡋᅛᐃࢆ㔞ࡢࢫࢡ

㸪ACl±Na2CO3ࡵࡓࡢࡑࠋࡓࡋῧຍࢆ ΰྜࡣ࡛ࢫࢡࢵࣛࣇ

Na2CO3 ༢⊂ࡶࡾࡼࢫࢡࢵࣛࣇ Ta ⃰ᗘࡣᕼ࡛ⷧࠋࡿ࠶Ta3N5

㸪㔠ᒓࡣ Ta ࢆ NH3 Ẽὶୗ࡛ຍ⇕ࡶ࡚ࡋ⏕ᡂࠋ[25]࠸࡞ࡋᐇ

㝿㸪ᮏᐇ㦂⏝ࡓࡋ Ta ⢊ᮎࢆ 950 °C ࡛ 5 h ຍ⇕ࡶ࡚ࡋ

Ta3N5 㓟⣲ࡶ࡛ࡎࢃ㸪⣔ෆ࠾࡞ࠋ[23]ࡓࡗ࡞ࡋᡂ⏕ࡣ

※�ࡤ࠼㸪Na2CO3 ࢀࡉ㓟ࡎࢃ㸪Ta2O5㸪ࢫࢡࢵࣛࣇ

㔠ᒓࡓ Ta 㸪㔠ᒓࡤࢀࡍᏑᅾࡀ�࡞ Ta 㞺ࢽࣔࣥ 㧗ࡣ

ᅖẼ୰࡛❅࡚ࢀࡉ Ta3N5 ᮏᐇ㦂ࠋ[16,17,25,26]ࡿࡍᡂ⏕ࡀ

ࡣ※㓟⣲࡞㸪࡚࠸࠾ Na2CO3 ≀㸪ሷࡾ࠶࡛ࢫࢡࢵࣛࣇ

㸪Ta࡚ࡗࡼῧຍࡢࢫࢡࢵࣛࣇ  Na2CO3 పୗࡀ⋠☜ᛂࡢ

ᯝ㸪ACl±Na2CO3⤖ࡢࡑࠋࡿ࠼⪄ࡓࡋ 㸪ࡣ࡛ࢫࢡࢵࣛࣇ

ಶࡢࠎᰕ≧⤖ᬗࡀᡂ㛗ࡾ࡞ࡃࡃࡋ㸪ᑠᆺ࡞ᰕ≧ Ta3N5 ⤖ᬗ

࡚ࡋࢫࢡࢵࣛࣇ㸪࠾࡞ࠋࡿ࠼⪄ࡓࡋᡂ⏕ࡀ Na2CO3 ሷ

≀ࢆῧຍࡓࡋሙྜ�ࡕࢃ࡞ࡍ㸪Ta ⃰ᗘࡀపୗࡓࡋሙྜ�

⤖ᬗࡀᑠᆺ࠺࠸ࡓࡋᐇ㦂⤖ᯝࡽ㸪ሷ≀ࢫࢡࢵࣛࣇ

ᑐࡿࡍ Ta ࡣ࠸ࡿ࠶ Ta3N5 ⏕ᡂࡢࡵࡓࡢ୰㛫య�Ta-O ࡧࡼ࠾

Na-Ta-O ⣔ྜ≀�ࡢ⁐ゎᗘࡣప࠸᥎ ࠋࡿࡍ 
ḟ㸪ሷ≀ࡢࢫࢡࢵࣛࣇ✀㢮ࡢᙳ㡪࡚࠸ࡘ⪃ᐹࠋࡿࡍ

950 °C 㸪Na2OࡣẼᅽࡢ≀ሷࡢ࡛ ࡶࡾࡼ 5 ᱆⛬ᗘ㧗27]࠸-

)LJ��  ;5' SDWWHUQV RI WKH SXOYHUL]HG FU\VWDOV JURZQ IURP �D� 
1D&O�1D�&2� �UXQ QR���� �E� .&O�1D�&2� �UXQ QR���� DQG �F� 
&V&O�1D�&2� IOX[HV �UXQ QR���� �G� ,&'' 3') RI 7D�1�� 
 

)LJ��  6(0 LPDJHV RI �D� WKH FU\VWDOV JURZQ IURP .&O�1D�&2� 
IOX[ �UXQ QR� �� DQG �E� 7D SRZGHU XVHG DV 7D VRXUFH� 

 
)LJ��  +LJK�PDJQLILFDWLRQ 6(0 LPDJHV RI WKH FU\VWDOV JURZQ IURP 
�D� 1D&O�1D�&2� �UXQ QR� ��� �E� .&O�1D�&2� �UXQ QR� ��� DQG �F� 
&V&O�1D�&2� IOX[HV �UXQ QR� ��� 
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ࡣ≀㸪ሷࡵࡓࡢࡑࠋ[31 Ta3N5⏕ᡂࡢࡵࡓࡢ୰㛫యࢆసࡿཎ

ᩱࡿ࡞ Na2CO3�ࡣ࠸ࡿ࠶ Na2O�ࡢⓎಁࢆ㐍ࡿ࠼⪄ࡓࡋ

㸪950 °Cࡓࡲࠋ[17] 㸪CsCl㸪KCl㸪ࡣẼᅽࡢ≀ሷࡢ࡛
NaCl ሙྜࡢࢫࢡࢵࣛࣇᯝ㸪CsCl±Na2CO3⤖ࡢࡑࠋ࠸㧗㡰ࡢ

ࡢࡵࡓࡿసࢆ㸪୰㛫య Na2CO3 㸪ࡃࡁࡶ᭱ࡀⓎ㏿ᗘࡢ

⤖ᬗࡢᡂ㛗㏿ᗘࡶࡾ࡞ࡃࡁ㸪ᑠᆺ࡛[100]᪉ྥఙ㛗ࡓࡋ

Ta3N5 ⤖ᬗࡀ⏕ᡂ࠾࡞ࠋࡿ࠼⪄ࡓࡋ㸪KF±KI[22]㸪CsI±
Cs2CO3[20]ࡧࡼ࠾ RbCl ሙࡓࡋᡂ⫱ࢆᬗ⤖ࡽ[21]ࢫࢡࢵࣛࣇ

ྜ㸪^001`㠃ࡀⓎ㐩ࡓࡋᯈ≧ Ta3N5 ⤖ᬗࡢ⏕ᡂࡀሗ࿌࡚ࢀࡉ

Naࠋࡿ࠸ ࡚ẚ K㸪Cs ࡧࡼ࠾ Rb ࡇ㸪ࡃపࡀ㟁Ẽ㝜ᛶᗘࡢ

ࡿࡍ᪉ᡂ㛗␗࡛ࡇࡿࡍ╔྾␗≉ᬗ㠃⤖ࡀࣥ࢜ࡢࡽࢀ

㸪KClࡣᮏᐇ㦂࡛ࠋ[22] ࡸ CsCl ࡓࡋΰྜ࡚ࡋࢫࢡࢵࣛࣇࢆ

ሙྜࡶ㸪ᯈ≧⤖ᬗ࡛ࡃ࡞ࡣᰕ≧⤖ᬗࡀ⏕ᡂࡣࢀࡇࠋࡓࡋ㸪

ΰྜࢫࢡࢵࣛࣇ୰ࡢ Naࡢ�ྜࡀ Kࡸ� Csࡶࡾࡼ�ࡇ࠸ࡁ

㸪Ta3N5ࡓࡲࠋࡿ࠼⪄ᅉ୍ࡀ ࡿࡍ៖⪄ࢆ᱁Ꮚᐃᩘ[32]ࡢ

ᯈ≧ࡶࡾࡼᰕ≧࡞↛⮬ࡀ࠺ࡢᙧ≧࡛ࡵࡓࡿ࠶㸪ᮏᐇ㦂ࡢ

Ta ⃰ᗘࢫࢡࢵࣛࣇࡸΰྜẚ࡛ࡣ Kࡸ� Csࡢ�ῧຍຠᯝࢀ⌧ࡀ

 ࠋ࠺ࢁࡔࡢࡓࡗ࡞
Fig.4 ࢆᯝ⤖ࡓࡋᡂ⫱ࢆᬗ⤖࡚ࡋኚ᭦ࢆ✀ࢫࢡࢵࣛࣇ㸪

ሙྜ㸪ࡓ࠸⏝࡚ࡋࢫࢡࢵࣛࣇࢆK2CO3ࠋ�run no. 5㹼7�ࡍ♧

࡛┦༢୍ࡰ Ta3N5 ⤖≦㸪ゅᰕࡓࡲࠋ@�a�Fig.4<ࡓࡋᡂ⏕ࡀ

ᬗࡽᡂࡿ⌫≧㞟ྜయ࡛ࡓࡗ࠶>Fig.4�d�@ࠋ᪤ሗࡾ࠾ࡢ㸪

⏕ᡂ⤖ᬗࡢᙧ≧ࣜ࢝ࣝࡢࢫࢡࢵࣛࣇ㔠ᒓࡀࡳࡢࣥ࢜ᙳ

㡪ࡓࡋሙྜ㸪K2CO3 ≦ᯈࡣࡽࢫࢡࢵࣛࣇ Ta3N5 ⤖ᬗࡀᡂ㛗

ࡇࡓࡋᡂ⏕ࡀᰕ≧⤖ᬗࡣ㸪ᮏᐇ㦂࡛ࡋࡋࠋ࠺ࢁࡔࡿࡍ

㸪✀ࣥ࢜ࢽࡢࡑ㸪ࡃ࡞࡛ࡅࡔ✀ࣥ࢜ࢳ࢝ࡢࢫࢡࢵࣛࣇ㸪ࡽ

Ta ࡧࡼ࠾✀※ Ta ⃰ᗘ�ࡣ࠸ࡿ࠶⁐㉁⃰ᗘ�ࡶ࡞⏕ᡂ⤖ᬗࡢ

ᙧ≧ᙳ㡪ࢆཬࡀࡇࡍࡰ♧၀ࠋࡿࢀࡉNaCl ࢵࣛࣇࢆࡳࡢ

ሙྜ㸪Ta3N5ࡓ࠸⏝࡚ࡋࢫࢡ ࡣ┦㸪ࡎࡏᡂ⏕ࡣ į-
TaN0.83�භ᪉ᬗ⣔ࡢ❅ࡓࡗ࠶࡛[33]�ࣝࢱࣥࢱ>Fig.4�b�@ࠋ
Ta 㸪ࡋ㊊ࡀ※㓟⣲ࡢࡵࡓࡿࡍᙧᡂࢆ୰㛫య࡚ࡋᛂ

Ta3N5 㸪SEMࡓࡲࠋࡿ࠼⪄ࡓࡗ࡞ࡋᡂ⏕ࡀ ほᐹ࡛ࡣ㸪ᰕ

≧⤖ᬗࡣほᐹࡎࢀࡉ㸪Ta ⢊ᮎ㏆࠸⌫≧⢏Ꮚࡀほᐹࡓࢀࡉ

>Fig.4�e�@ࠋ⌫≧⢏Ꮚࡢ⾲㠃ほᐹࡿࢀࡉከᩘࡣࢡࢵࣛࢡࡢ㸪

Ta ࡽ į-TaN0.83 ⤖࠺కኚࡢࣝࢱࣥࢱ❅ࡢࡧࡼ࠾

ᬗᵓ㐀ࡢኚ㉳ᅉࠋࡿࡍKCl ሙྜ㸪ࡓࡋᡂ⫱ࡽࢫࢡࢵࣛࣇ

XRD ࡧࡼ࠾@�c�Fig.4<࣮ࣥࢱࣃ SEM ほᐹࡢ⤖ᯝࡣ NaCl ࣛࣇ

㸪ᵝྠ㸪᪤ሗࡽᯝ⤖ࡢ௨ୖࠋࡓࡗ࠶࡛ࡌྠࡰࢫࢡࢵ

㔠ᒓ Ta ࡣࡽࢫࢡࢵࣛࣇ≀ሷ Ta3N5 ࣛࣇ㸪ࡎࡏᡂ⏕ࡣ

ࢫࢡࢵ O2íࡣ࠸ࡿ࠶ CO32íࡢ㓟⣲※࡛ࡇࡿࢀࡲྵࡀ୰㛫

యࡀᙧᡂ࡚ࡋ Ta3N5ࡀ⏕ᡂࡓࡋゝࠋࡿ࠼ 
ACl±Na2CO3�A   Na, K, Cs�ࡽࢫࢡࢵࣛࣇ⫱ᡂࡓࡋ Ta3N5

⤖ᬗ CoOx ຓゐ፹ࢆᢸᣢࡋ㸪ྍどග↷ᑕୗ࡛ࡢ㓟⣲⏕ᡂά

ᛶࢆ ᐃࠋࡓࡋFig.5 ࡿࡍᑐ㸪ග↷ᑕ㛫 O2ࡧࡼ࠾ N2࢞

ᬗ࡛⤖ࡓࡋᡂ⫱ࡽࢫࢡࢵࣛࣇࡢࢀࡎ࠸ࠋࡍ♧ࢆᡂ㔞⏕ࡢࢫ

ග↷ᑕࠋࡓࢀࡽࡵㄆࡀᡂ⏕ࡢ㓟⣲ࡿࡼගゐ፹ᛂࡢࡑ㸪ࡶ

㛫ࡢቑຍࡶ㓟⣲⏕ᡂ㔞ࡀቑຍࡋ㸪ග↷ᑕ 5 h ᚋ࡛ẚ

㍑ࡿࡍ㸪Na2CO3 ༢⊂ࡶࡾࡼࢫࢡࢵࣛࣇ㸪ACl±Na2CO3 ΰྜ

ࢆ㓟⣲⏕ᡂάᛶ࠸㸪㧗ࡀ࠺ࡢᬗ⤖ࡓࡋᡂ⫱ࡽࢫࢡࢵࣛࣇ

ග↷ᑕࡣ㸪㓟⣲⏕ᡂ㏿ᗘࡶᬗ࡛⤖ࡢࢀࡎ࠸㸪ࡓࡲࠋࡓࡋ♧

㛫ࡢቑຍࡶῶᑡࡿࡍഴྥࡀぢࠋࡓࢀࡽᮏᐇ㦂࡛ࡣ㸪≛

≅࡚ࡋ AgNO3 ගゐࡿࡅ࠾Ỉ⁐ᾮࡴྵࢆ�Agࠋࡓ࠸⏝ࢆ

፹ᛂࡣ㸪௨ୗࡾ࠾ࡢグ㏙࡛ࠋࡿࡁ 
Ta3N5 � hȞ Ѝ eí � h� 
2H2O � 4h� Ѝ O2 � 4H� �㓟ᛂ� 
Ag� � eí Ѝ Ag0 �㑏ඖᛂ� 

㸪1࡛ࡇࡇ 㸪Ta3N5ࡣᘧࡢ┠␒ ගゐ፹ࣉࢵࣕࢠࢻࣥࣂࡢࡑ

ࡀ��h�ṇᏍࡧࡼ࠾�eí�㸪㟁Ꮚࢀࡉᑕ↷ࡀගࡢ௨ୖ࣮ࢠࣝࢿ࢚

⏕ᡂࠋࡍ♧ࢆࡇࡿࢀࡉ௨ୖࡽᛂᘧࡣ㸪 
4Ag� � 2H2O Ѝ O2 � 4Ag0 � 4H� 

ࡿࡍᡂ⏕࡚ࡗక⾜㐍ࡢගゐ፹ᛂࠋࡿ࡞ Ag ࡣ

CoOx/Ta3N5 ࡎ࠸᪉㸪୍ࠋࡿࡍῶᑡࡀ㸪㓟⣲⏕ᡂ㏿ᗘࡋ✚ሁ

ࡢࡇࠋࡓࡗ࡞ࢀࡽぢࢇࡣᡂ⏕ࡢ㸪❅⣲ࡶᬗ࡛⤖ࡢࢀ

 ࠋࡿ࠼ゝࡓࡗ࡞ࡋ⾜㐍ࡣගศゎࡢ㸪Ta3N5⤖ᬗࡽࡇ
Fig.6 ࡧࡼ࠾㸪㓟⣲⏕ᡂ㏿ᗘ Ta3N5⤖ᬗࡢẚ⾲㠃✚ࠋࡍ♧ࢆ

㓟⣲⏕ᡂ㏿ᗘࡣ㸪Fig.5 ࡢึ᭱ࡓࡋ♧ 60 min 㓟⣲⏕ᡂ㔞ࡢ

Na2CO3ࠋࡓࡋ ༢⊂ࡢࢫࢡࢵࣛࣇሙྜࢆ㝖ࡁ㸪Ta3N5 ⤖ᬗࡢ

)LJ��  ;5' SDWWHUQV RI WKH SXOYHUL]HG FU\VWDOV JURZQ IURP �D� 
.�&2� �UXQ QR� ��� �E� 1D&O �UXQ QR� ��� DQG �F� .&O IOX[HV �UXQ 
QR� ��� 6(0 LPDJHV RI WKH FU\VWDOV JURZQ IURP �G� .�&2� �UXQ QR� 
�� DQG �H� 1D&O IOX[HV �UXQ QR� ��� 

)LJ��  5HDFWLRQ WLPH FRXUVHV RI JDV HYROXWLRQ XQGHU YLVLEOH OLJKW 
LUUDGLDWLRQ XVLQJ &R2x�PRGLILHG 7D�1� FU\VWDOV JURZQ IURP �D� 
1D&O�1D�&2� �UXQ QR� �� �E� .&O�1D�&2� �UXQ QR� ��� �F� &V&O�
1D�&2� �UXQ QR� ��� DQG �G� 1D�&2� IOX[HV �UXQ QR� ��� 5HDFWLRQ 
FRQGLWLRQV� &R2x�PRGLILHG 7D�1� ��� J �� ZW� DV &R�� ��� P/��� 
P0�$J12� DTXHRXV VROXWLRQ� ��� : ;H ODPS �Ȝ ! ��� QP�� 7KH 
DPRXQW RI JDV HYROXWLRQ RI 1D�&2� IOX[ LV UHSULQWHG ZLWK 
SHUPLVVLRQ IURP UHI���� &RS\ULJKW ���� 5R\DO 6RFLHW\ RI 
&KHPLVWU\� 
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BET ẚ⾲㠃✚ࡀ࠸ࡁ㓟⣲⏕ᡂ㏿ᗘࡀ㧗ࡿ࡞ࡃഴྥࡀぢ

㸪SEMࡋࡋࠋࡓࢀࡽ ほᐹ࡛ࡣ㸪CsCl±Na2CO3ࡢࢫࢡࢵࣛࣇ

ሙྜᰕ≧⤖ᬗࡶ᭱ࡀᑠᆺ࡛࠺ࡼࡿ࠶ぢࡀࡓࢀࡽ㸪ࡢࡑẚ

⾲㠃✚ࡣపࡃ㸪㓟⣲⏕ᡂάᛶࡶపࠋࡓࡗFig.7 㸪Ta3N5 ⤖

ᬗࡢ UV-vis DRS ⣙ࡣ➃ග྾ࡶᬗ⤖ࡢࢀࡎ࠸ࠋࡍ♧ࢆ 600 
nm 㸪Ἴ㛗ࡓࡲࠋࡓࡗ࠶࡛ 600㹼800 nm ྾࡞ࡁẚ㍑ⓗ

㸪⤖ᬗ୰ࡣࢀࡇࠋࡓࢀࡽぢࡀ Ta ࡇࡿࡍᏑᅾࡀ✀㑏ඖࡢ

ࡇࡿ࠶࡛➼ྠࡀග྾ᙉᗘࡸ≦ᙧࡢࣝࢺࢡ࣌ࢫࠋࡍ♧ࢆ

ホ౯ࡣᅇࠋࡿ࠼⪄ࡘࡶࢆḞ㝗ࡢ➼ྠࡶᬗ⤖ࡢࢀࡎ࠸㸪ࡽ

ࡔࢬࢧࡢᰕ≧⤖ᬗࡢࠎ㸪ಶࡣ✚㸪ẚ⾲㠃ࡀ࠸࡞࠸࡚ࡁ࡛

㸪ගࡓࡲࠋ[23]ࡿࡍᙳ㡪ࡶᵓ㐀ࡢ㸪⌫≧㞟ྜయෆ㒊ࡃ࡞࡛ࡅ

ゐ፹ࡢάᛶࡣ㸪ගゐ፹ࡢẚ⾲㠃✚ࡃ࡞ࡣ࡛ࡅࡔ㸪ࡢࡑ⤖ᬗ

ᛶࡸᙧ≧ࡧࡼ࠾ຓゐ፹ࡢࡁ᪉ࡶ࡞ᙳ㡪ࠋࡿࡍᰕ≧⤖ᬗࡢ

ࡸࢬࢧ⢏Ꮚࡢ㸪ຓゐ፹࡛ࡇࡿ࡞␗ࡀࢬࢧ Ta3N5 ┦ࡢ

స⏝ࡶࡇࡿ࡞␗ࡀ᥎ ࡚ࡗࡼࡽࢀࡇࠋࡿࢀࡉ㸪୍㒊ࡢ

ࣝࣉࣥࢧ SEM ほᐹࡿࡼ⤖ᬗࢬࢧ㸪ẚ⾲㠃✚ࡧࡼ࠾㓟

⣲⏕ᡂάᛶࡢ┦㛵ᛶࡀぢࠋࡿ࠼⪄ࡓࡗ࡞ࢀࡽ 
 
 

 

㸲. ࡵࡲ 
ሷ≀㸫Ⅳ㓟࣒࢘ࣜࢺࢼΰྜࡽࢫࢡࢵࣛࣇ Ta3N5 ⤖ᬗࢆ

⫱ᡂ࡛ࠋࡓࡁ⏕ᡂ⤖ᬗࡣ㸪ゅᰕ≧⤖ᬗࡢ⌫≧㞟ྜయ࡛ࠋࡓࡗ࠶

ࡣ≦ゅᰕᙧࡢࡇ Ta3N5 㸪ࡾ࠶࡛≦ᙧࡓࡋᫎࢆ᱁Ꮚᐃᩘࡢ

Ta3N5 ⤖ᬗࡀ⁐ᾮᡂ㛗ࡵࡓࡓࡋ⤖ᬗ㠃ࡀⓎ㐩ࡓࡋ⤖ᬗࡀᚓࡽ

≦⌫ࡢ㸪ཎᩱࡓࡲࠋࡿ࠼⪄ࡓࢀ Ta ⢏Ꮚࡀ⮬ᕫ≛≅ᆺࢸࡢ

Na2CO3ࠋࡓࡋᡂ⏕ࡀ㸪⌫≧㞟ྜయࡁാ࡚ࡋࢺ࣮ࣞࣉࣥ 

ሷ≀ࢆῧຍ࡛ࡇࡓࡋ㸪ゅᰕ≧⤖ᬗࡀࢬࢧࡢᑠࡾ࡞ࡃࡉ㸪

CsCl㸪KCl㸪NaCl 㡰ゅᰕ≧⤖ᬗࡣᑠᆺ࡛ࡣࢀࡇࠋࡓࡗ࠶㸪

ሷ≀ࡢῧຍ࡚ࡗࡼ㸪Ta ⃰ᗘࡀᕼⷧࡵࡓࡓࡗ࡞㸪ࡿ࠶

≀㸪ሷ࠾࡞ࠋࡿ࠼⪄ࡵࡓࡓࡗ࡞ࡃ㏿ࡀᬗᡂ㛗㏿ᗘ⤖ࡣ࠸

ࡣẼᅽࡢ CsCl㸪KCl㸪NaCl 㸪SEMࡃ㧗㡰ࡢ ീุ᩿ࡽ

ࢺࢼሷ≀㸫Ⅳ㓟ࠋࡓࡋ⮴୍ᗎิࡢࢬࢧゅᰕ≧⤖ᬗࡿࡍ

ࡓࡋᡂ⫱ࡽࢫࢡࢵࣛࣇΰྜ࣒࢘ࣜ Ta3N5 ⤖ᬗ࡛ࡣ㸪ྍどග

↷ᑕୗ࡛ࡢගゐ፹ᛂ࡚ࡗࡼ㓟⣲ࡀ⏕ᡂࢆࡇࡿࡍ☜ㄆࡋ

NaCl±Na2CO3ࠋࡓ ࡧࡼ࠾ KCl±Na2CO3 ࡋᡂ⫱ࡽࢫࢡࢵࣛࣇ

㸪Na2CO3ࡣᬗ࡛⤖ࡓ ༢⊂ࡢࢫࢡࢵࣛࣇሙྜࡶࡾࡼ㓟⣲⏕ᡂ

㏿ᗘࡀ㧗ࠋࡓࡗSEM ほᐹࡧࡼ࠾ BET ẚ⾲㠃✚ ᐃࡢ⤖ᯝ

ࢧࡢᰕ≧⤖ᬗࡢࠎಶ࡚ࡗࡼῧຍࡢࢫࢡࢵࣛࣇ≀㸪ሷࡽ

㸪୍㒊ࡋࡋࠋࡿ࠼⪄ࡿ࠶ᅉ୍࡛ࡀࡇࡓࡋᑠᆺࡀࢬ

ࡢ㓟⣲⏕ᡂάᛶࡧࡼ࠾✚㸪ẚ⾲㠃ࢬࢧᬗ⤖ࡣ࡛ࣝࣉࣥࢧࡢ

┦㛵ᛶࡀぢࡣࡽࢀࡇࠋࡓࡗ࡞ࢀࡽ㸪ᅇホ౯࡛ࡓࡗ࡞ࡁ

⌫≧㞟ྜయࡢෆ㒊ᵓ㐀ࡸຓゐ፹ࡢࡁ᪉࠼⪄ࡵࡓࡿ࡞␗ࡀ

 ࠋࡿ

ㅰ㎡ 
ᮏ◊✲୍ࡢ㒊ࡣ㸪⛉◊㈝ⱝᡭ◊✲ B�17K14809�୍ࡧࡼ࠾⯡

㈈ᅋἲேಙᕞᏛᕤᏛ㒊ⱝ㔛ࡢຓࡶࡢ㐙⾜ࠋࡓࢀࡉ

グ࡚ࡋ㸪ㅰពࠋࡿࡍ⾲ࢆ 
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