
㧗ᙉᗘ⣧䝏䝍䞁䛾ᶵᲔⓗᛶ㉁䛻ཬ䜌䛩䝯䜹䝙䜹䝹䝭䝸䞁䜾㞺ᅖẼ䛾ᙳ㡪 

᪥⏕⏘ᕤ㸦Ꮫ㒊㸧 ۑᒾỌ ⱥ ᪥⏕⏘ᕤ㸦㝔㸧   㔝 ༟ဢ  

᪥⏕⏘ᕤ      ஂಖ⏣ ṇᗈ 

1.1.1.1. ⥴ゝ⥴ゝ⥴ゝ⥴ゝ    

㸪ࡎࡽࢃ㛵ࡶࡿ࠸࡚ࡋᏑᅾᐩ㇏ࡀ※㈨ࡣࣥࢱࢳ

〇㘐ࡀࢺࢫࢥ㧗ࡃ㸪ࡽࡉຍᕤࡶࢺࢫࢥ㧗࠸Ⅽ㟂

せࡀ㝈ࡿ࠸࡚ࢀࡽ㸬ࢆࢀࡇゎỴࡿࡍⅭ㸪ࡢࣥࢱࢳ

᪂つ㑏ඖࡢࢫࢭࣟࣉ☜❧㸪ຍᕤࡢࢺࢫࢥపῶࡧࡽ࡞

ࡢไᚚ⧊⤌ࡧࡼ࠾㔠タィྜࡓ࠸⏝ࢆඖ⣲ࢺࢫࢥప

ࡿ࠸࡚ࢀࡲᮃࡀ❧☜ 1)㸬᭱ ㏆࡛ࡣ㸪⣧≀ඖ⣲ࢀࡉ

ඖ⣲ࢺࢫࢥపࡸ ඖ⣲ (O㸪N㸪H㸪C㸪Fe㸪Si)ࡓࡁ࡚

ࡿ࠶࡛ Al㸪Cu㸪Sn ᭷ຠࢆඖ⣲ࢫࢱ࢟ࣅࣘࡢ࡞

ࡿ࠸࡚ࢀࡉ᭷ྵከ㔞㔠ྜࣥࢱࢳ㸪ࡋ⏝ Ta㸪Nb㸪

V ࡇࡿࡍ᭷ຠ௦᭰ࣝࢱ࣓ࣞ࡞ࢺࢫࢥ㧗ࡓࡗ࠸

ࡿࡍ〇ࢆᮦᩱ࠸㧗ࡢࢫ࣐࣮࢛ࣥࣇࣃࢺࢫࢥ㸪࡛

  㸬ࡿ࠸࡚ࢀࡉᮇᚅࡀࡇ

 (Mechanical Milling ; MM) ࢢ࣑ࣥࣜࣝ࢝ࢽ࣓࢝

ἲࡣ㸪◳㉁࣮ࣝ࣎ࡢᮦᩱࡿ࡞⢊ᮎࢆ Ar ࠸ࢫ࢞

ࡢࡇ㸪࡚ࡋࡑ㸬ࡿࡍᑒධ୰࡛ᐜჾࢫ࢞άᛶࡓࡗ

ᐜჾࢆືࡾࡼࡇࡿࡏࡉ⢊ᮎࢆᚤ⣽⢊○ࡏࡉ㸪

࡞⬟ྍࡀࡇࡿࡍᑟධࢆࡳࡎࡦ࡞ᕧ⢊ᮎࡽࡉ

㸪ࡤࢀࡍ⏝㐺ࢆ᪉ἲࡢࡇ㸪࡚ࡗ㸬ᚑࡿ࠶࡛ࢫࢭࣟࣉ

⢊ᮎᑐ࡚ࡋ㧗࠸ຍ౯್ࢆࡿࡁ࡛ࡀࡇࡿࡍ㸬

 㸦Spark⤖↝࣐ࢬࣛࣉᨺ㟁ࢆ⢊ᮎࡓࡋ㸪స〇ࡓࡲ

Plasma Sintering ; SPS㸧⨨࡚࠸⏝ࢆᅛᡂᙧࡿࡍ

ࡢࡑ㸬ࡿ࠶࡛⬟ྍࡀ⤖↝ࡢ㸪ప 㸪▷㛫࡛࡛ࡇ

Ⅽ㸪MM ἲࡾࡼᚤ⣽⢊○ࡓࢀࡉ⢊ᮎࡢ⢏ᡂ㛗ࢆ

᭱ᑠ㝈ᢚࡁ࡛ࡀࡇࡿ࠼㸪MM ἲࡢⅬࢆᦆ࠺࡞

⬟ྍࡀ〇ࡢᮦࢡࣝࣂࡿࡍ᭷ࢆ㧗ຍ౯್ࡃ࡞ࡇ

 㸬ࡿ࠶࡛ࢫࢭࣟࣉࡿ࡞

⣧ࣥࢱࢳ⢊ᮎ㸪↝ࡁ㜵ṆࡢⅭࢢ࣑ࣥࣜຓ 

(Process Control Agent ; PCA) ࣥࣜࢸࢫ࡚ࡋ㓟 

(CH3(CH2)16COOH) ࢆῧຍࡋ MM ἲ SPS ἲࢆ㐺

ࡣᮦ࡛ࢡࣝࣂࡓࡋస〇ࡋ⏝ TiC ᡂ⏕ࡀ≀ྜࡢ࡞

ࡿ࠸࡚ࢀࡉ〇ࡀࣥࢱࢳ㧗◳ᗘ࡚ࡗࡼࢀࡑ㸪ࡋ 2)㸬 

    ᮏ◊✲࡛ࡣ㸪ࣘࢫࢱ࢟ࣅඖ⣲ࡋ┠╔㸪ࣘࢱ࢟ࣅ

ࡿࢀࡲྵ㓟ࣥࣜࢸࢫࡿ࠸࡚ࢀࡉඖ⣲࡛ᵓᡂࢫ C㸪 

Table 1 Table 1 Table 1 Table 1 Composition, melting point and

density of pure Ti powder.

Analyzed Composition M.T. Density
䠷 mass% 䠹 䠷 K 䠹 䠷 g/cm³ 䠹

O : 0.31% N : 0.012%
H : 0.016% Fe : 0.028%

C : 0.009%
Pure Ti

Material

1941 4.54

Table 2 Table 2 Table 2 Table 2 Composition of the pure Ti by JIS.

(composition  mass% 

Element JIS 1 Grade JIS 2 Grade JIS 3 Grade
Fe < 0.15 < 0.2 < 0.25
O < 0.18 < 0.25 < 0.35
N < 0.03 < 0.03 < 0.05
H < 0.015 < 0.015 < 0.015
C < 0.1 < 0.1 < 0.1
Ti bal. bal. bal.

Table 3 Table 3 Table 3 Table 3 Test materials and designation.

Mechanical Addition of Mechanical

milling time steric acid milling Designation

[ h ] [ g ] atmosphere

Ar   MM4h 0.25g Ar

Air   MM4h 0.25g Air

Ar   MM4h 0.50g Ar

Air   MM4h 0.50g Air

Ar   MM8h 0.25g Ar

Air   MM8h 0.25g Air

Ar   MM8h 0.50g Ar

Air   MM8h 0.50g Air

4

8

0.25

0.50

0.25

0.50

H㸪O 㸪MMࡸᅛ⁐ᙉࡿࡼඖ⣲ࡓࡗ࠸ ฎ⌮

⏝ࡿࡍᐜჾෆࢆẼ㞺ᅖẼ࡛ฎ⌮࡛ࡇࡿࡍ㸪

Ẽ୰ᏑᅾࡿࡍO㸪Nࡓࡗ࠸⣧≀ඖ⣲ࢆ⏝ࡋ㸪

㸪ࡾࡼᙉᶵᵓࡢ࡞ศᩓᙉࡸᅛ⁐ᙉࡿ࡞ࡽࡉ

ᙉࡓࢀࡉ⣧ࡢࣥࢱࢳ〇ࢆ┠ⓗࡓࡋ㸬ࡓࡲ㸪ྠ

ᵝᐜჾෆࢆ Ar 㞺ᅖẼࡓࡋᮦᩱࢆస〇࡚ࡋ㸪Ẽ

୰ࡢ⤖ᯝ᳨ウࡿࡍ㸬 

2. 2. 2. 2. ᐇ㦂᪉ἲᐇ㦂᪉ἲᐇ㦂᪉ἲᐇ㦂᪉ἲ    

2.12.12.12.1    ౪ヨᮦࡢస〇౪ヨᮦࡢస〇౪ヨᮦࡢస〇౪ヨᮦࡢస〇    

 ᮏ◊✲ࡓ࠸⏝⣧ࣥࢱࢳ⢊ᮎࡢᏛ⤌ᡂࡢศᯒ⤖

ᯝࢆ Table 1Table 1Table 1Table 1 ࡓ࠸⏝࡛✲◊ᮏࡾࡼ㸬ศᯒ⤖ᯝࡍ♧

⢊ᮎࡣ Table 2Table 2Table 2Table 2 ࡾࡼ JIS 3 ✀┦ᙜ࡛ࡿ࠶ 3)㸬⢭ᐦኳ⛗

Effect of the Mechanical Milling Atmosphere on Mechanical Properties of
Hign Strength Pure Titanium

Hidetoshi IWANAGA , Takuya OHNO and Masahiro KUBOTA

－日本大学生産工学部第42回学術講演会（2009-12-5）－
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⣧࡚࠸⏝ࢆ Ti ⢊ᮎࡀ 10 g ࡉ㸬ࡓࡋ㔞⛗࠺ࡼࡿ࡞

ࢆ㓟ࣥࣜࢸࢫࡿࡍῧຍ࡚ࡋຓࢢ࣑ࣥࣜࡽ

0.25 g ࡧࡼ࠾ 0.50 g ᕤල⢊ᮎࡢࡽࢀࡑ㸪ࡋ㔞⛗

㗰〇70࣮ࣝ࣎ಶ (70 g) ࢆᕤල㗰〇ᐜჾෆArࢫ࢞

㞺ᅖẼࡣࡓࡲẼ㞺ᅖẼ࡚ࡋ㸪TableTableTableTable    3333 㓄ྜࡍ♧

࡛ධࡓࡋ㸬MM ฎ⌮ࡣ SPEX 8000 ືᆺ࣑࣮ࣝ࣎

㸪MM࠸⏝ࢆࣝ ฎ⌮㛫ࡣ 4 㹦 8 㹦ࡢ 2 ᮲௳ࡋ

 㸬ࡓ

 MM ฎ⌮ࡓࡋ⢊ᮎࢆᨺ㟁࣐ࢬࣛࣉ↝⤖⨨࡛ᅛ

ᡂᙧࡓࡋ㸬MM ⢊ᮎ 7 g ࣥࣕࢳ㸪ࡋධ㯮㖄ᆺࢆ

ࢆᗘ✵┿ࡢෆ࣮ࣂ 40 Pa ⛬ᗘಖࡕ㸪㯮㖄࡛ࢳࣥࣃ

ᅽຊࢆຍࡓ࠼㸬↝⤖᮲௳᪼ࡣ ㏿ᗘ 1.67 K/s㸪↝⤖

 ᗘ 1073 K㸪ຍᅽຊ 49 MPa㸪ಖᣢ㛫 3 min ࡋ

    㸬ࡓ

2.22.22.22.2    ᮦᩱ≉ᛶࡢホ౯ᮦᩱ≉ᛶࡢホ౯ᮦᩱ≉ᛶࡢホ౯ᮦᩱ≉ᛶࡢホ౯    

㉮ ᰝ ᆺ 㟁 Ꮚ 㢧 ᚤ 㙾  (Scaning Electron 

Microscope ; SEM) ࡿࡼ⢊ᮎࡢほᐹࡣ㸪࣮ࣥ࣎࢝

ᑟ㟁ୖࣉ࣮ࢸ⢊ᮎࢆᅛᐃࡋ㸪ຍ㏿㟁ᅽ 10kV ࡛ほᐹ

ࡽ┿ࡓࡋグ㘓ࡣᖹᆒ⢏Ꮚᚄࡢ㸬⢊ᮎࡓࡋ 30 ಶࡢ

⢊ᮎࢆ↓సⅭ㑅ࡧ㸪ࡢࡑ⢊ᮎࡢ㛗㍈ࡢ㛗ୖࡽࡉ

 2 ಶ㸪ୗ 2 ಶࢆ㝖ࡓࡋィ 26 ಶࡽࢱ࣮ࢹࡢồࡵ

 㸬ࡓ

MM ⢊ᮎࡢᵓᡂ┦ࡣ㸪ࢆࣥ࢜ࢪࣟࢥ࣑ࣝࢯ

ࡋᅛᐃ࣮ࢲࣝ࣍ヨᩱ࡚࠸⏝ X ⥺ᅇᢡ⨨ࡾࡼ 

ᐃࡓࡋ㸬SPS ᮦࡣຍᅽ㠃ᑐ࡚ࡋ ᐃࡓࡋ㸬 ᐃࡣ㸪

⟶㟁ὶ 60 mA㸪⟶㟁ᅽ 40kV ࡛ CuKα⥺࡚࠸⏝ࢆᅇ

ᢡ㏿ᗘ 1.66×10-2 deg/s ᅇᢡゅᗘࡧࡼ࠾ 2θࡀ 20㹼

80rࡢ⠊ᅖ࡛ ᐃࡓࡗ⾜ࢆ㸬 

⬡㸪ᶞࡣᐃ ࡉ◳  MM ⢊ᮎࢆᇙࡵ㎸ࡳ㸪࣓࢚ࣜ

࣮⣬࡚ࡋ☻◊ࣇࣂࡧࡼ࠾㸪ࡉ◳ࢫ࣮࢝ࢵࣅࣟࢡ࣐

ヨ㦂ᶵ࡛㸪Ⲵ㔜 10g㸪ಖᣢ㛫 15 s ࡛㸪15 ࢺ࣏ࣥ

 ᐃࡓࡋ㸬SPS ᮦࡣຍᅽ㠃࣮࣓࢚ࣜࢆ⣬࡛◊☻ᚋ㸪

㸪Ⲵ㔜࡚࠸⏝ࢆヨ㦂ᶵࡉ◳ࢫ࣮࢝ࢵࣅ 1kg㸪ಖᣢ

㛫 20 s ࡛㸪7 ್㸪᭱᭱ࢀࡒࢀࡑ㸪ࡋᐃ ࢺ࣏ࣥ

ᑠ್ࢆ㝖ࡁᖹᆒ್ࢆồࡓࡵ㸬 

 ᐦᗘ ᐃࡣ㸪SPS ᮦࡢ⇱ࡧࡽ࡞Ỉ୰࡛ࡢ㉁㔞

ᐦᗘ࡚ࡗࡼἲࢫࢹ࣓࢟ࣝ㸪ࡋ⢭ᐦኳ⛗࡛ ᐃࢆ

ࡽẚࡢㄽᐦᗘ⌮ࡢࣥࢱࢳ⣧ᐦᗘࡢࡑ㸬ࡓࡵồࢆ

┦ᑐᐦᗘࢆ⟬ฟࡓࡋ㸬 

3.3.3.3. ᐇ㦂⤖ᯝཬࡧ⪃ᐹᐇ㦂⤖ᯝཬࡧ⪃ᐹᐇ㦂⤖ᯝཬࡧ⪃ᐹᐇ㦂⤖ᯝཬࡧ⪃ᐹ    

Fig.  1Fig.  1Fig.  1Fig.  1 SEM micrographs of mechanically

milled pure Ti powder with addition of 0.25g

PCA ; (a) MM0h ; (b) MM4h and (c) MM8h Ar

atmosphere ; (d) MM4h and (e) MM8h air

atomosphere.

20µm

(a)

20µm

(c)

20µm

(e)

20µm

(d)

(b)

20µm

20µm

Fig.  2Fig.  2Fig.  2Fig.  2 X-ray diffraction patterns of pure Ti

MM 8 h powder by different mechanical
milling atmosphere with addition of 0.50 PCA.
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Mechanically milled 8 h pure Ti powder with the䚷additionof 0.50g PCA.

3.13.13.13.1    MMMMMMMM ⢊ᮎࡢ⢊ᮎࡢ⢊ᮎࡢ⢊ᮎࡢ≉ᛶ≉ᛶ≉ᛶ≉ᛶ    

Fig. 1Fig. 1Fig. 1Fig. 1 (a)  MM ฎ⌮๓ࡢ⣧ Ti ⢊ᮎࡢ SEM ┿ࢆ

ࡣ 㸪(b)㸪(c)ࡋ♧ MM 4 h㸪MM 8 h ฎ⌮ࢆ Ar 㞺

ᅖẼ࡛㸪 (d)㸪(e)  MM 4 h㸪MM 8 h ฎ⌮ࢆẼ

㞺ᅖẼ࡛⾜ࡓࡗ SEM ┿ࡍ♧ࢆ㸬ᮏ◊✲࡛⏝ࢳࡓ࠸

㸪Ỉ⣲࣭⬺Ỉ⣲(HDH)ἲࡾ࠾࡚ࡗゅᙇࡣ⢊ᮎࣥࢱ

࡛〇㐀ࡓࡋ⣧ࣥࢱࢳ⢊ᮎ≉᭷ࡢᙧ≧࡛ࡿ࠶㸬MM 4 h

ฎ⌮ࡓࡋ (b) ࡛ࡢࡇࡣゅࡀ๐ࢀࡽ㸪ࢆࡳᖏࡧ㸪⢏

Ꮚᚄࡀᑠࡿ࠸࡚ࡗ࡞ࡃࡉ㸬MM 8 h ฎ⌮ࡓࡋ⢊ᮎ (c) 

 MM 4 h ฎ⌮ࡓࡋ⢊ᮎ (b) ࢆẚ㍑ࡿࡍ㸪MM ฎ

⌮㛫ࡢቑຍక࠸㸪⢏Ꮚᚄࡀᑠࡇࡿ࠸࡚ࡗ࡞ࡃࡉ

㸬ྛࡿࡁㄆ࡛☜ࡀ MM ฎ⌮㛫࡛ Ar 㞺ᅖẼ (b)㸪

― 70 ―



(c) Ẽ㞺ᅖẼ (d)㸪(e) ࢆẚ㍑ࡿࡍ㸪ᖹᆒ⢏Ꮚ

ᚄࡀẼ㞺ᅖẼࡢ᪉ࡀ 10μm ⛬ᗘᑠࡓࡗ࡞ࡃࡉ㸬 

 Fig. 2Fig. 2Fig. 2Fig. 2 ࢆῧຍ㔞ࡢ㓟ࣥࣜࢸࢫ 0.50 g㸪MM ฎ

⌮㛫ࢆ 8 h ୍ᐃࡋ㸪MM ฎ⌮୰ࡢ㞺ᅖẼࢆኚ

ࡢࡓࡏࡉ MM ⢊ᮎࡢᵓᡂ┦ࡢኚࡍ♧ࢆ㸬ࡽࡕ

(TiH2)ࣥࢱࢳỈ⣲(TiC)ࣥࢱࢳⅣࡶ㞺ᅖẼ࡛ࡢ

㸪MMࡋᡂ⏕ྠࡀ ฎ⌮୰ࡢᐜჾෆ㞺ᅖẼࡢ㐪࠸

 㸬ࡓࡗ࡞ࢀࡽࡵㄆࡣኚࡢ┦ᵓᡂࡿࡼ

Fig. 3Fig. 3Fig. 3Fig. 3 ࢆῧຍ㔞ࡢ㓟ࣥࣜࢸࢫ 0.50g㸪Ẽ㞺ᅖ

Ẽ୰ࡿࡅ࠾MMฎ⌮㛫ࢆኚࡓࡏࡉࡢMM⢊

ᮎࡢᵓᡂ┦ࡢኚࡍ♧ࢆ㸬 MM ฎ⌮㛫ࢆኚࡏࡉ

㸪MM 4 hࡋኚࡶ≀ྜࡿࢀࡉ㸪⏕ᡂࡿ ࡣ࡛ TiH2

㸪MM 8 hࡳࡢ ࡛ TiH2ຍ࠼㸪TiC ࡇ㸬ࡓࡋᡂ⏕ࡀ

㸪ࡣ࡚ࡋ⏤⌮ࡓࢀࡉᡂ⏕ࡀTiH2᮲௳࡛TiCࡢࡽࢀ

MM ฎ⌮ࡢ㝿ῧຍࣥࣜࢸࢫࡓࡋ㓟ࡿࢀࡲྵⅣ

⣲ࡸỈ⣲ࡀ MM ฎ⌮࡚ࡗࡼ㸪ᅛ┦ᛂࡔࡵࡓࡓࡋ

㸪MM࡚ࡋࡑ㸬ࡿࢀࡽ࠼⪄ ฎ⌮㛫ࡢቑຍక࠸㸪

α-Ti ࡚ࡋࢺࣇࢩࡃࡁపゅᗘഃࡀࢡ࣮ࣆᅇᢡࡢ

Ⅽ㸪MM 8 hࡿ࠸ ⁐ᅛࢆඖ⣲ࢫࢱ࢟ࣅࣘࡢࡃከࡀ᪉ࡢ

 㸬ࡿࢀࡉ ᥎ࡿ࠸࡚ࡋ

Fig. 4Fig. 4Fig. 4Fig. 4 ῧຍ㔞㸪MMࡢ㓟ࣥࣜࢸࢫ ฎ⌮㛫࠾

ࡧࡼ MM 㞺ᅖẼࡢ㐪ࡿࡼ࠸⢊ᮎࡢࡉ◳ࡢኚࢆ♧

㸬MMࡍ ฎ⌮๓ࡢ⢊ᮎࡣࡉ◳ࡢ 168 HV 㸪MMࡋ♧ࢆ

ฎ⌮㛫ࡀ㛗ࡿ࡞ࡃకࡶࡉ◳࠸ቑຍࡋ㸪MM 8 h 

0.50 g Air ࡃ◳ࡶ᭱ࡀ 523 HV 㸬MM 8 hࡓࡗ࡞ ฎ

㓟ࣥࣜࢸࢫࡣ⢊ᮎ࡛ࡓࡋ⌮ 0.25 g㸪0.50 g ඹ

Ẽ㞺ᅖẼ୰ࡀ࠺ࡢ 50 HV ⛬ᗘ㧗ࡓࡋ♧ࢆࡉ◳࠸㸬

MM ฎ⌮㛫 4 h ቑࡢῧຍ㔞ࡢ㓟ࣥࣜࢸࢫ㸪ࡣ࡛

ຍకࡀࡉ◳࠸పୗࡓࡋ㸬ࡣࢀࡇ㸪ࣥࣜࢸࢫ㓟ࢆ

ከࡃῧຍࡾࡼࡇࡓࡋ㸪₶ᮦࡢ࡚ࡋຠᯝࡀ⌧

㸪ࡾࡇ㉳ࡀ╔㸪จࡎࢀࡉᑟධࡀࡳࡎࡦⅭ㸪ຍᕤࡓࢀ

⤖ᬗ⢏ࡀᚤ⣽ࡇࡓࡗ࡞ࢀࡉ㉳ᅉࡿ࠸࡚ࡋ

  㸬ࡿࢀࡽ࠼⪄

3.23.23.23.2    SPSSPSSPSSPS ᮦࡢ≉ᛶᮦࡢ≉ᛶᮦࡢ≉ᛶᮦࡢ≉ᛶ    

Fig. 5Fig. 5Fig. 5Fig. 5 ࢆῧຍ㔞ࡢ㓟ࣥࣜࢸࢫ 0.50 g㸪MM ฎ

⌮㛫ࢆ 8 h ୍ᐃࡋ㸪MM 㞺ᅖẼࢆኚࡓࡏࡉ

ࡢ SPS ᮦࡢᵓᡂ┦ࡢኚࡍ♧ࢆ㸬ࡢࡽࡕ㞺ᅖẼ࡛

ᵝྠ㹋㹋⢊ᮎࡶ TiC 㸪TiH2ࡀࡓ࠸࡚ࢀࡉᡂ⏕ࡀ

㸪TiH2ࡣࢀࡇ㸬ࡓࡗ࡞ࢀࡉᐃྠࡣࢡ࣮ࣆᅇᢡࡢ ࡢ

ศゎ ᗘࡀ 673K ㏆ 㸪SPSࡵࡓࡿ࠶࡛(4 ⨨ࡼ

Fig.  3Fig.  3Fig.  3Fig.  3 X-ray diffraction patterns of pure Ti
powder by different mechanical milling time

with the addition of 0.50g PCA and air
atmosphere.
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Mechanically milled pure Ti powder with the addition of 0.50g PCA and
air atmosphere.

Fig.  4Fig.  4Fig.  4Fig.  4 Vickers microhardness of pure Ti
powder on a function of mechanical milling

time and mechanical milling atmosphere.

Fig.5 Fig.5 Fig.5 Fig.5 X-ray diffraction patterns of pure Ti

MM  8 h SPS material by different mechanical
milling atmosphere with addition of 0.50g

PCA.
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Mechanically milled 8 h pure Ti SPS material with addition of 0.50g
PCA.

㸪ࡋࡋ㸬ࡿࢀࡽ࠼⪄ࡔⅭࡓࡋᅛ┦ศゎຍ⇕୰ࡿ

TiC 㸪2θ=33r㸪ࡓࡲ㸬ࡓ࠸࡚ࡋᏑᅾࡶᅛᡂᙧᚋࡣ
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35r㸪 50r㸪65r㏆ྠᐃ࡛࠸࡞ࡁᅇᢡࡶࢡ࣮ࣆ

☜ㄆࡓࢀࡉ㸬Fig. 6Fig. 6Fig. 6Fig. 6 ࢆῧຍ㔞ࡢ㓟ࣥࣜࢸࢫ 0.50g

୍ᐃࡋ㸪✵Ẽ㞺ᅖẼ୰࡛ MM ฎ⌮㛫ࢆኚࡏࡉ

ࡢࡓ SPS ᮦࡢᵓᡂ┦ࡢኚࡍ♧ࢆ㸬MM ฎ⌮ᚋα

-Ti 㸪ࡣࢀࡇ㸬ࡿ࠸࡚ࡋࢺࣇࢩపゅᗘഃࡀࢡ࣮ࣆࡢ

ࡀⅣ⣲㸪Ỉ⣲㸪㓟⣲ࡿࢀࡲྵ㓟ࣥࣜࢸࢫ MM ฎ

㸪SPSࡋศᩓᆒ୍ࡾࡼ⌮ ↝⤖୰ࡢຍ⇕㐣⛬࡛ᣑ

ᩓࡋ㸪ẕᮦ୰ᅛ⁐ࡿࢀࡽ࠼⪄ࡔࡵࡓࡓࡋ㸬 

Fig. 7Fig. 7Fig. 7Fig. 7 ῧຍ㔞㸪MMࡢ㓟ࣥࣜࢸࢫ ฎ⌮㛫࠾

ࡢSPSᮦࡓࡋస〇ࡽ⢊ᮎࡿ࡞␗ࡢMM㞺ᅖẼࡧࡼ

㸬MM 4 h 0.50g Airࡍ♧ࢆኚࡢᑐᐦᗘ┦ࡉ◳ 

࠸㧗ࡶ᭱ࡀࡉ◳࡚࠸࠾ 933 HV 㸬Ẽ㞺ࡓࢀࡽᚓࡀ

ᅖẼ୰࡛ MM 4 h ࡽ MM 8 h 㸪ࡣࡉ◳ࡿ࡞

PCA0.25g࡛ 55HV㸪PCA0.50g࡛ 170HVῶᑡࡓࡋ㸬

㸪Fig. 6ࡣࢀࡇ ࠺ࡼࡓࡋ♧ MM 8 h ࡛㸪ྠᐃ࡛

ࡀ㉁≀ࡢࡇ㸪ࡽࡇࡿ࠸࡚ࢀࡉᡂ⏕ࡀ㉁≀࠸࡞ࡁ

ࡽ࠼⪄ࡿ࠸࡚ࡋࡰཬࢆᙳ㡪ࡢࡽఱῶᑡࡢࡉ◳

 㸬ࡿࢀ

4.4.4.4. ⤖ゝ⤖ゝ⤖ゝ⤖ゝ    

㓟ࣥࣜࢸࢫࡿ࠸࡚ࢀࡉඖ⣲࡛ᵓᡂࢫࢱ࢟ࣅࣘ

ຍ࠼㸪↓㝈ᏑᅾࡿࡍẼࢆ⏝ࡋ㸪MM ฎ⌮ࢆ

㸪Arࡋ㐍ಁࡀᯝ㸪ᅛ┦ᛂ⤖ࡓࡋ 㞺ᅖẼ୰ࡶࡾࡼከ

㸪Arࡓࡲ㸬ࡓࡋ⁐ᅛࡀඖ⣲ࡢࡃ 㞺ᅖẼ୰ࡶࡾࡼ⢊ᮎ

 㸬ࡓࢀࡉᚤ⣽ࡀ

Ẽ㞺ᅖẼ୰࡛ MM ฎ⌮࡛ࡇ࠺⾜ࢆ㸪MM ἲ

ᛶ≉ࡢ⢊ᮎࣥࢱࢳ⣧ࡢ㧗ຍ౯್ࡓࢀࡉస〇࡚ࡗࡼ

ࡃ࡞ࡇ࠺࡞ᦆࢆ SPS ἲ࡛ᅛᡂᙧࡁ࡛ࡀࡇࡿࡍ

 㸬ࡓ

ᚑ࡚ࡗMMἲSPSἲࢫࢭࣟࣉࡓࡏࢃྜࡳ⤌ࢆ

ࡁ࡛ࡀࡇࡿࡍ〇ࢆࣥࢱࢳ㸪㧗ຍ౯್ᆺ⣧ࡾࡼ

    㸬ࡓ

㏣グ㏣グ㏣グ㏣グ    

 ᮏ◊✲ࡣ㸪ஂಖ⏣◊✲ᐊ 4 ᖺ⏕㸪୰ᮧṇⱥྩඹ

ྠ࡛ᐇ㦂ࡓࡗ⾜ࢆ◊✲ᡂᯝ࡛ࡿ࠶㸬 

ㅰ㎡ㅰ㎡ㅰ㎡ㅰ㎡    

 ᮏ◊✲ࡣᖹᡂ 21 ᖺᗘ㸪⛉Ꮫ◊✲㈝⿵ຓ㔠 (ᇶ┙◊

✲ (C) ㄢ㢟␒ྕ : 21560756) ࡢຓᡂࢃ⾜࡚ࡅཷࢆ

 㸬ࡓࡋࡲࢀ

 

 

Fig.  6Fig.  6Fig.  6Fig.  6 X-ray diffraction patterns of pure Ti

SPS materials produced by different
mechanical milling time with the addition of

0.50g PCA  and air atmosphere.
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Mechanically milled pure Ti SPS material with the addition of
0.50g PCA and air atmosphere.

 

Fig.  7Fig.  7Fig.  7Fig.  7 Vickers hardness of pure Ti SPS
material on a function of mechanical milling

time and mechanical milling atmosphere.
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