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Table 1 Table 1 Table 1 Table 1 Composition of experimentally used 
and JIS 1 grade Mg powders1). 

Material
Analyzed Composition

(mass%)

Experimentally used
pure Mg

Al:0.0168 Mn:0.0145 Zn:0.0027
Si:0.017 Cu:0.0009
Fe:0.0027 Ni:0.0002

JIS 1 Grade
Al:0.01 Mn:0.01 Zn:0.01
Si:0.01 Cu:0.005 Fe:0.003
Ni:0.001 Pb:0.005 Sn:0.005

⣧⣧⣧⣧࣐ࡢ࣒࢘ࢩࢿࢢ࣐࣒࢘ࢩࢿࢢ࣐࣒࢘ࢩࢿࢢ࣐࣒࢘ࢩࢿࢢᶵᲔⓗ≉ᛶ࡟ཬࢢ࣑ࣥࣜࡍࡰ᮲௳ࡢᙳ㡪ࡢᶵᲔⓗ≉ᛶ࡟ཬࢢ࣑ࣥࣜࡍࡰ᮲௳ࡢᙳ㡪ࡢᶵᲔⓗ≉ᛶ࡟ཬࢢ࣑ࣥࣜࡍࡰ᮲௳ࡢᙳ㡪ࡢᶵᲔⓗ≉ᛶ࡟ཬࢢ࣑ࣥࣜࡍࡰ᮲௳ࡢᙳ㡪    

᪥኱⏕⏘ᕤ(㝔) ۑⴗ㔝 ᩄᇶ  ᪥኱⏕⏘ᕤ ஂಖ⏣ ṇᗈ 

1.1.1.1. ⥴ゝ⥴ゝ⥴ゝ⥴ゝ    

 ௒᪥㸪㝈ࢆ࣮ࢠࣝࢿ࢚ࡓࢀࡽ᭷ຠά⏝ࡿࡍ

ồࡀࣝࢡ࢖ࢧࣜࡸ㍍㔞໬ࡢ㸪ᵓ㐀ᮦᩱ࡟ࡵࡓ

ࢿࢢ࣐࡞㍍㔞ࡶ㸬ᐇ⏝㔠ᒓ୰᭱ࡿ࠸࡚ࢀࡽࡵ

᣺ື྾཰ᛶ㸪㟁☢Ἴ㐽᩿ᛶ㸪ࡣ(௨ୗMg)࣒࢘ࢩ

ᑍἲᏳᐃᛶࡢ࡝࡞ᛶ㉁ࢆᣢࡕ㸪㈨※ⓗࡶ࡟㇏

ᐩ࡛ࡿ࠶㸬࡟࠼ࡺࢀࡑ㸪Mg ྜ㔠ࡣ㍺㏦ᶵჾ

㸬ࡿ࠸࡚ࢀࡽ࠸⏝࡟࡝࡞ᐙ㟁〇ရ㸪⢭ᐦᶵჾࡸ

ࡿ࠸⏝ࢆ㸪ྜ㔠ඖ⣲ࡋ࠿ࡋ Mg ྜ㔠࡛ࡣ㸪ࣜ

⎔ࡽ࠿ほⅬࡢ࡝࡞࣮ࢠࣝࢿ࢚※㈨ࡸࣝࢡ࢖ࢧ

ቃ࡟ᑐࡿࡍ㈇Ⲵࡀ኱࠸ࡁ㸬ࢆࡽࢀࡑ㍍ῶࡿࡍ

㝿㸪⣧ Mg ࡋ㸬ࡿ࠶᭷ຠ࡛ࡀ࡜ࡇࡿࡍ⏝฼ࢆ

㸪⣧ࡽࡀ࡞ࡋ࠿ Mg ࡶ࡚ࡗ⾜ࢆㄪ㉁࡞㐺ษ࡟

ᙉᗘࡣ࡟ୖྥࡢ㝈⏺ࡾ࠶ࡀ㸪ᵓ㐀ᮦᩱ࡚ࡋ࡜

⣧ Mg 㸬࠸࡞ࡣ౛ࡓࡋ⏝㐺࡟࡝࡞㏦ᶵჾ㍺ࢆ

࡞෭㛫࡛ᕧ኱ࡋᑐ࡟⢊ᮎࡣ࡛✲◊㸪ᮏ࡛ࡇࡑ

㌿఩ࡢ㸪㧗ᐦᗘࡁ࡛ࡀ࡜ࡇࡿࡍ௜୚ࢆࡳࡎࡦ

ᚤࡃࡋⴭࢆ⢏Ꮚᚄࡢ㸪⢊ᮎ࡟ඹ࡜ࡿࡍᑟධࢆ

⣽ࢢ࣑ࣥࣜࣝ࢝ࢽ࣓࢝࡞⬟ྍࡀ࡜ࡇࡿࡍ࡟

(Mechanical Milling: MM)ἲࡓࡋ┠╔࡟㸬

MM᪉ࢆ㐺⏝ࡾࡼ࡟࡜ࡇࡿࡍ㸪ྜ㔠໬࡟ࡎࡏ

ྜ㔠ࡢ➼ྠ࡜ᙉᗘࢆ᭷ࡓࡋ⣧ Mg ヨࢆ๰〇ࡢ

㐺ࡢ⌮MMฎࡽ࠿ほⅬࡢ㸪ᕤᴗ໬ࡓࡲ㸬ࡓࡳ

ษࢫࢭࣟࣉ࡞᮲௳ࢆ᥈ࢢ࣑ࣥࣜࡃ࡭ࡿຓ๣

(Process Control Agent: PCA)ࡿ࠸⏝࡚ࡋ࡜

ࢆῧຍ㔞ࡢ㓟(CH3(CH2)16COOH)ࣥࣜ࢔ࢸࢫ

ኚ໬ࡓࡏࡉ㸬 

 MMฎ⌮ࡾࡼ࡟ᚓࡓࢀࡽ⢊ᮎࡣ㸪ప࠸↝⤖

 ᗘࡘ࠿▷᫬㛫࡛ᅛ໬ᡂᙧࡾ࠶࡛⬟ྍࡀ㸪⢊

ᮎࡢඃࡓࢀ≉ᛶࢆኻࡃ↓࡜ࡇ࠺㸪࡟ࡽࡉ㸪୍

⯡ⓗ࡞⢊ᮎ෬㔠ἲ࡜ẚ㍑࡚ࡋ〇㐀ᕤ⛬ࢆ኱ᖜ

࣐ࢬࣛࣉᨺ㟁࡞⬟ྍࡀ࡜ࡇࡿࡍ⦰▷࡟

(Spark Plasma Sintering: SPS)ἲࡾࡼ࡟ᅛ

໬ᡂᙧࡓࡋ㸬 

 ᮏ◊✲ࡢ┠ⓗࡣ㸪⣧ Mg ⢊ᮎ࡟ MM ἲ࡜

SPSἲࢆ㐺⏝ࡋ㸪స〇ࡓࡋᮦᩱࡢᛶ㉁ࡽ᫂ࢆ

MMࡿ࡞␗㸪ࡕࢃ࡞ࡍ㸬ࡿ࠶࡛࡜ࡇࡿࡍ࡟࠿

ฎ⌮᫬㛫ࡧࡼ࠾ PCA ࡓࢀࡉῧຍ㔞࡛స〇ࡢ

⢊ᮎ࡚࠸⏝ࢆ SPSᮦࢆస〇ࡋ㸪ࡸࡉ◳ࡢࡑ⢏

Ꮚᚄ㸪ᵓᡂ┦ࡿࡍ࡟࠿ࡽ᫂ࢆ㸬 

 

2.2.2.2. ᐇ㦂᪉ἲᐇ㦂᪉ἲᐇ㦂᪉ἲᐇ㦂᪉ἲ    

    ᮏ◊✲࡛⏝ࡓ࠸⣧Mgࡣ⣧ᗘ 99.91 %㸪ᖹ

ᆒ⢏Ꮚᚄ 384.5μm ࡛㸪ࡢࡑ⤌ᡂศᯒ⤖ᯝࢆ

Table 1 ࠸⏝࡛✲◊ᮏࡾࡼ㸬ศᯒ⤖ᯝࡍ♧࡟

ࡣ⣧Mg⢊ᮎࡓ JIS 1✀┦ᙜ࡟ᑐᛂࡿࡍ㸬 

 ⣧Mg⢊ᮎ 25.0 g࡜㧗 Cr㗰〇࣮࣎ࣝ 400 g

ࡢࡵࡓࡢ㜵Ṇࡁ௜↝ࡧࡼ࠾ PCA ࢸࢫ࡚ࡋ࡜

ࢆ㓟ࣥࣜ࢔ Ar ࢡࢵ࣎ࣈ࣮ࣟࢢࡢ㞺ᅖẼࢫ࢞

ෆ࡛ࢫ 500 mlࡢ㧗 Cr㗰〇ᐜჾ࡟⿦ධࡋ㸪㐟

ᫍᆺ࣮࣑࣎ࣝࣝ(Fritsch㸪P-5)࡚࠸⏝ࢆ MM

ฎ⌮ࡓࡋ㸬MMฎ⌮᮲௳ࡣ 2 h㸪4 h㸪8 h㸪

16 h㸪32 h㸪64 hࡓࡋ࡜㸬ࣥࣜ࢔ࢸࢫ㓟ࡢῧ

ຍ㔞ࡣ 0.50 g㸪0.75 g㸪1.00 g㸪1.25 g࡜ኚ໬

㸪⣧ࡣࢀࡇ㸬ࡓࡏࡉ Mg ⢊ᮎ࡟ᑐ࡚ࡋ㸪ࢀࡑ

ࢀࡒ 2 mass%㸪3 mass%㸪4 mass%㸪5 mass%

ࡣ㐺㔞ࡢ㸬PCAࡿࡍᙜ┦࡟ 1㹼3 mass%࡜ሗ

࿌ࡾ࠾࡚ࢀࡉ 2)㸪ᮏ◊✲࡛ࡣ 0.50 g㸪0.75 g

 㸬ࡿࡍᙜ┦࡟ࢀࡇࡀ

MMฎ⌮ࡓࡋ⢊ᮎࡣࡉ◳ࡢᶞ⬡࡟ᇙࡵ㎸ࡳ㸪

⾲㠃࣮࣓࢚ࣜࢆ⣬࡛◊☻ᚋ㸪ࣇࣂ࡟ࡽࡉ◊☻

㸪࣐ࡋ ヨ㦂ᶵ(Ⲵ㔜ࡉ◳ࢫ࣮࢝ࢵࣅࣟࢡ࢖ 10 g㸪
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ಖᣢ᫬㛫 15 s)࡛ ᐃࡓࡋ㸬⢊ᮎࡢ X ⥺ᅇᢡ

ᙉᗘࡣ 60 mA㸪40 kVࡢ CuKα⥺ࢆ౑⏝ࡋ㸪

ᅇᢡゅᗘ⠊ᅖ 20㹼80r㸪ᅇᢡ㏿ᗘ 1.66×10-2 

deg/s ࡛ ᐃࡓࡋ㸬ࡓࡲ㸪⢊ᮎࡢᙧ≧ࡸ኱ࡁ

 㸬ࡓࡋ㉮ᰝᆺ㟁Ꮚ㢧ᚤ㙾(SEM)࡛ほᐹࢆࡉ

 ᚓࡓࢀࡽ MM ⢊ᮎ 4 g φ20ࢆ ࡟㯮㖄ᆺࡢ

⿦ධࡋ㸪SPS⿦⨨࡚࠸⏝ࢆᅛ໬ᡂᙧࡓࡋ㸬SPS

↝⤖᮲௳ࡣᡂᙧ ᗘ 450 ℃㸪ຍᅽຊ 45 MPa㸪

ಖᣢ᫬㛫᭱ࡣ኱ 180 sࡓࡋ࡜㸬స〇ࡓࡋ SPS

ᮦࡉ◳ࢫ࣮࢝ࢵࣅࡣヨ㦂ᶵ(Ⲵ㔜 1 kg㸪ಖᣢ᫬

㛫 20 s)㸪⢊ᮎྠ࡜᮲௳࡛ࡢ X ⥺ᅇᢡ㸪ࣝ࢔

◊ࣇࣂࢆᐦᗘ ᐃ㸪SPSᮦࡿࡼ࡟ἲࢫࢹ࣓࢟

ᚋࡓࡋࢢࣥࢳࢵ࢚࡚࠸⏝ࢆ㓟ࣥࣜࢡࣆ㸪ࡋ☻

 㸬ࡓࡋホ౯࠸⾜ࢆගᏛ㢧ᚤ㙾࡛⤌⧊ほᐹ࡟

 

3.3.3.3. ᐇ㦂⤖ᯝࡧࡼ࠾⪃ᐹᐇ㦂⤖ᯝࡧࡼ࠾⪃ᐹᐇ㦂⤖ᯝࡧࡼ࠾⪃ᐹᐇ㦂⤖ᯝࡧࡼ࠾⪃ᐹ    

    Table 2࡟MM⢊ᮎࡢᖹᆒ⢏Ꮚᚄࡍ♧ࢆ㸬

MMฎ⌮ࡀ㛗࡚ࢀࡘ࡟ࡿ࡞ࡃ⢏Ꮚᚄࡣᑠࡃࡉ

㸪MMࡓࡲ㸬ࡿ࠸࡚ࡗ࡞ ฎ⌮ 16 h ௨ୖ࡛ࡣ

ᑠࡣ⢏Ꮚᚄࡀ᪉࠸ከࡀῧຍ㔞ࡢ㓟ࣥࣜ࢔ࢸࢫ

࡯ࡿࡍቑຍࡀῧຍ㔞ࡢ㸬PCAࡿ࠸࡚ࡗ࡞ࡃࡉ

࡝ MM ⢊ᮎࡢ⢏Ꮚᚄࡀᑠ࡜ࡿ࡞ࡃࡉሗ࿌ࡉ

ࡾ࠾࡚ࢀ 3)㸪ᮏ◊✲ྠࡶ࡚࠸࠾࡟ᵝࡢഴྥࡀ

ㄆࡓࢀࡽࡵ㸬MMฎ⌮ 2 hࣥࣜ࢔ࢸࢫ㓟ࡢῧ

ຍ㔞ࡀ 0.50 g㸪0.75 g࡛ࡣMMฎ⌮࠸࡚ࡋࢆ

㸬ࡿ࠸࡚ࡗ࡞ࡃࡁ኱ࡣ⢏Ꮚᚄࡶࡾࡼ⢊ᮎ࠸࡞

ẚࡣ㸪⢊ᮎࡣᮇẁ㝵࡛ึࡢ⌮㸪MMฎࡣࢀࡇ

㍑ⓗ㌾ࡃ࠿ࡽ⢊ᮎ࡜⢊ᮎࡢኚᙧ࡜᥋ྜࡌ⏕ࡀ

ࡢ㓟ࣥࣜ࢔ࢸࢫ㸬ࡿࢀࡽ࠼⪄࡜ࡿ࠶࡛ࡵࡓࡓ

ῧຍ㔞 1.25 g࡟㛵ࡣ࡚ࡋ PCAࡢ࡚ࡋ࡜ാࡁ

࡚ࢀ㸪㐜࡟ࡵࡓࡓࡋᢚไࢆ᥋ྜࡢ⢊ᮎྠኈࡀ

⢊ᮎࡢ⢒኱໬ࡀ㉳ࡿࢀࡽ࠼⪄࡜ࡢࡶࡓࡗࡇ㸬 

Fig. 1ࣥࣜ࢔ࢸࢫ࡟㓟ࢆ 0.75 gῧຍࠎ✀ࡋ

ࢆእほࡢ⢊ᮎࡢMMฎ⌮᫬㛫ᚋࡢ SEM࡛ほ

ᐹࡓࡋ⤖ᯝࡍ♧ࢆ㸬MMฎ⌮ࡢ⤒㐣࡟ࡶ࡜࡜

⢊ᮎࡀኚᙧ㸪᥋ྜ㸪⢊○ࡾ⧞ࢆ㏉ࡋ⢏Ꮚᚄࡀ

ᑠࡃ࠸࡚ࡗ࡞ࡃࡉᵝᏊࡀほᐹࡿࢀࡉ㸬MMฎ

⌮ 2 h㸪4 h࡛ࡣ㸪࣮࣎ࣝࡿࡼ࡟✺⾪ࡢᅽ⦰ኚ

ᙧࡾࡼ࡟⢊ᮎ࡟≦ࢡ࣮ࣞࣇࡃⷧࡀఙࡿ࠸࡚ࡧ

ࡀ⌮㸬MMฎࡿࡁㄆ࡛☜ࡀࡢ 8 h㸪16 h࡜㛗

ࡃ࠿⣽ࢀࡉ○⢊ࡀ⢊ᮎࡢ≦ࢡ࣮ࣞࣇ࡜ࡿ࡞ࡃ

ຍᕤ◳໬ࡀ㸪⢊ᮎࡽ࠿࡜ࡇࡢࡇ㸬ࡿ࠸࡚ࡗ࡞

ࡵጞࡋ⾜㐍ࡀ㸪◚ቯࡋపୗࡀᘏᛶ࡛࡜ࡇࡓࡋ

ࡀ⌮㸪MMฎ࡟ࡽࡉ㸬ࡿ࠼ࡀ࠿࠺ࡀ࡜ࡇࡓ 32 

h㸪64 h ࡳ㸪୸ࢀྲྀࡀゅࡣ⢊ᮎ࡜ࡿ࡞ࡃ㛗࡜

ࡣ⢏Ꮚᚄࡾ࡞ࡃ࠿⣽࠺ࡑࡗ࠸ࡾࡼ㸪ࡧᖏࢆ 10

㹼20 μm ⛬ᗘࡿ࠸࡚ࡗ࡞࡜㸬ࡢࡇ⤖ᯝࡣ㸪

⢊ᮎ࡟㧗ᐦᗘࡢ㌿఩ࡀᑟධࢀࡉ㸪༑ศ࡟ຍᕤ

◳໬ࢆ࡜ࡇࡓࢀࡉ♧၀ࡿ࠸࡚ࡋ㸬௒ᚋ㸪ࡽࡉ

࡟ MM ฎ⌮᫬㛫ࢆ㛗࡛࡜ࡇࡿࡍࡃ⢏Ꮚᚄࡣ㸪

Table 2 Table 2 Table 2 Table 2 Mean particle size (μm) of various 
MM powders with different MM 
times and amounts of PCA (N=20). 

0.50 0.75 1.00 1.25
0
2 490.7 462.9 352.1 373.3
4 183.5 391.5 259.0 375.7
8 118.8 274.9 186.6 71.6
16 128.4 104.4 52.8 19.4
32 73.9 23.7 21.7 22.3
64 20.1 15.1 13.2 9.2

384.5

PCA (g)

MM (h)

10µm

(g)(f)

100µm

(e)(d)

500µm

500µm

(a)

(c)(b)

Fig. 1Fig. 1Fig. 1Fig. 1 SEM micrographs of mechanically 
milled pure Mg powder with the 
addition of 0.75 g PCA; (a) 0 h, (b) 2 h, 
(c) 4 h, (d) 8 h, (e) 16 h, (f) 32 h and (g) 
64 h. 
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ࡁ࡛ࡀ࡜ࡇࡿᚓࢆ⢊ᮎ࡞ᆒ୍ࡾ࡞࡟ᚤ⣽ࡾࡼ

 㸬ࡿࢀࡽ࠼⪄࡜ࡿ

Fig. 2ࣥࣜ࢔ࢸࢫ࡟㓟ࡢῧຍ㔞࡜MMฎ⌮

᫬㛫ࡓࡋ࡜ࢱ࣮࣓ࣛࣃࢆ᫬ࡢ⢊ᮎࢆࡉ◳ࡢ♧

ࢀࡎ࠸ࡃ࡞㛵ಀ࡟ῧຍ㔞ࡢ㓟ࣥࣜ࢔ࢸࢫ㸬ࡍ

⌮㸪MMฎࡶ 16 h௨ୗ࡛ࡣMMฎ⌮࡚ࡋࢆ

㸪ࡾ࠾࡚ࡋ♧ࢆ್ࡢ➼ྠ࡜ࡉ◳ࡢ⢊ᮎ࠸࡞࠸

ຍᕤ◳໬ࡿࡼ࡟◳ᗘࡀୖྥࡢᚓ㞴ࢆ࡜ࡇ࠸♧

၀ࡿ࠸࡚ࡋ㸬ࡓࡲ㸪Mg ࡣ 100㹼150 ℃࡛ᅇ

᚟ࡀጞࡵࡓࡿࡲ㸪MM⢊ᮎࢆᶞ⬡࡟ᇙࡵ㎸ࡴ

㝿࡟㸪ᅇ᚟ࡀ㉳ࡾࡇ㸪◳ࡀࡉపୗࡀ࡜ࡇࡓࡋ

MMฎ⌮࠸࡞࠸࡚ࡋࢆ⢊ᮎࢆࡉ◳ࡢ➼ྠ࡜ᚓ

⌮㸬MMฎࡿࢀࡽ࠼⪄࡜ࡓࡗ⮳࡟ᯝ⤖ࡿ 32 h

௨ୖ࡛ࡣ㸪ࡶࢀࡎ࠸㸪50 HV⛬ᗘࢆࡉ◳ࡢ♧

࡭ẚ࡜ࡉ◳ࡢ⢊ᮎ࠸࡞࠸࡚ࡋࢆ⌮㸪MMฎࡋ

࡚ 10 HV⛬ᗘࡀୖྥࡢほࡿࢀࡽ㸬ࡣ࡜ࡇࡢࡇ㸪

MMฎ⌮ࢆ㛗᫬㛫⾜࡛࡜ࡇ࠺ຍᕤ◳໬ࡢຠᯝ

㸬ࡿ࠸࡚ࡋ၀♧ࢆ࡜ࡇࡿ࠶࡛⬟ྍࡀ࡜ࡇࡿᚓࢆ

⌮㸪MMฎࡋ࠿ࡋ 32 h࡜ 64 hࢆẚ㍑࡜ࡿࡍ

㸪ࡽ࠿࡜ࡇࡢࡇ㸬ࡿ࠸࡚ࡋ♧ࢆࡉ◳ࡢ➼ྠࡰ࡯

MMฎ⌮᫬㛫ࡀ㛗ࡤࢀࡅ㛗ୖྥࡀࡉ◳࡝࡯࠸

◳ฎ⌮᫬㛫࡛ࡿ࠶㸪ࡃ࡞ࡣ࡛ࡅࢃ࠺࠸࡜ࡿࡍ

࡜ࡿ࡞࡟㸪௨ᚋ㸪㣬࿴≧ែࡋ♧ࢆࢡ࣮ࣆࡢࡉ

ࣥࣜ࢔ࢸࢫ㸪ࡣࡉ◳ࡢ㸬MM⢊ᮎࡿࢀࡽ࠼⪄

㓟ࡢῧຍ㔞ࡿࡼ࡟ኚ໬࡝ࢇ࡜࡯ࡀほ࠿࡞ࢀࡽ

ቑຍࡀῧຍ㔞ࡢ㓟ࣥࣜ࢔ࢸࢫ㸪ࡋ࠿ࡋ㸬ࡓࡗ

࠶ࡀ⢊ᮎࡿ࠸࡚ࡋపୗࡀࡉ◳ⱝᖸ࡛࡜ࡇࡿࡍ

㸪⢊ᮎࡾࡼ࡟ࡁാࡢ࡚ࡋ࡜㸪PCAࡣࢀࡇ㸬ࡿ

ࡿ࠶࡛ࡵࡓࡓࢀࡉᢚไࡀᑟධࡢࡳࡎࡦຍᕤ࡟

 㸬ࡿࢀࡽ࠼⪄࡜

Fig. 3ࣥࣜ࢔ࢸࢫ࡟㓟ࡢῧຍ㔞࡜MMฎ⌮

᫬㛫ࡓࡋ࡜ࢱ࣮࣓ࣛࣃࢆ᫬ࡢ SPS ᮦࡉ◳ࡢ

◳࡚ࢀࡘ࡟ࡿࡍࡃ㛗ࢆ㸬MMฎ⌮᫬㛫ࡍ♧ࢆ

ῧࡢ㓟ࣥࣜ࢔ࢸࢫ㸪ࡓࡲ㸬ࡿ࠸࡚ࡋቑຍࡀࡉ

ຍ㔞 0.75 g௨እࡶࢀࡎ࠸ࡣMMฎ⌮ 32 h࡟

㸪MMࡣࢀࡇ㸬ࡿࢀࡽほࡀࢡ࣮ࣆࡢࡉ◳࡚࠸࠾

ฎ⌮୰࡟㧗ᐦᗘࡢ㌿఩ࡀᑟධ࡜࡜ࡇࡓࢀࡉ⤖

ᬗ⢏ࡀᚤ⣽໬ࡀ࡜ࡇࡓࢀࡉཎᅉ࡛࠼⪄࡜ࡿ࠶

MMฎࡣࡉ◳ࡢ㸪MM⢊ᮎ࠼࠺ࡢࡑ㸬ࡿࢀࡽ

⌮ 16 h௨ୗ࡛ࡣ㸪㢧ⴭ࡞ቑຍࡓࡗ࠿࡞ࡉ♧ࢆ

㸪SPSࡀ ᮦ࡛ࡣᚎࡿ࠸࡚ࡋୖྥࡀࡉ◳࡟ࠎ㸬

ࡉ◳㸪ࡣ࡚࠸࠾࡟ࢫࢭࣟࣉᮏࡶࡽ࠿࡜ࡇࡢࡇ

ᚤࡢᬗ⢏⤖ࡶࡾࡼ㸪ຍᕤ◳໬࡚ࡋ㛵࡟ኚ໬ࡢ

⣽໬ࡿࡼ࡟ຠᯝࡀ኱ࡿࢀࡽ࠼⪄࡜࠸ࡁ㸬ࡽࡉ

㸪McCormick࡟ ࡣࡽ MM ฎ⌮࡚ࡗࡼ࡟ Mg

࡚ࡋሗ࿌࡜࠸࡞ᑡࡣࡳࡎࡦෆ㒊ࡿࢀࡉᑟධ࡟

ࡓ࠸࡚ࡋᑐᛂ࡜㸪ᮏ◊✲⤖ᯝࡾ࠾ 4) 㸬MMฎ

⌮ 64 h࡛ࡣ㸪ࢡ࣮ࣆ᫬ࡶࡾࡼࡉ◳ࡢపୗ࡚ࡋ

࡟ᙳ㡪ࡢ⇕᧿ᦶࡢ㸪MMฎ⌮᫬ࡣࢀࡇ㸬ࡿ࠸

࡜㸬⢊ᮎࡿࢀࡽ࠼⪄࡜ࡿ࠶࡛ࡢࡶࡿࡼ SPSᮦ

ࡿ࠶ࡣⱝᖸ࡛ࡀ᪉ࡢ⢊ᮎ࡜ࡿࡍẚ㍑ࢆࡉ◳ࡢ
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Fig. 2 Fig. 2 Fig. 2 Fig. 2 Vickers microhardness of pure Mg 
powders with different amounts of 
PCA as a function of mechanical 
milling time. 
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Fig. 3 Fig. 3 Fig. 3 Fig. 3 Vickers hardness of pure Mg SPS 
materials produced by different 
mechanical milling time and amounts 
of PCA. 
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㸪Mgࡣࢀࡇ㸬ࡓࡋ♧ࢆ್࠸㧗ࡀ  ෌⤖ᬗࡢ

ᗘࡀ⣙ ᅇ᚟࡟㝿ࡿࡍ⤖↝㸪ࡵࡓࡿ࠶࡛℃ 250

㸬ࡿࢀࡽ࠼⪄࡜ࡢࡶࡓࡋపୗࡀࡉ◳㸪ࡌ⏕ࡀ

ῧຍ㔞ࡢ㓟ࣥࣜ࢔ࢸࢫ 1.00 g࡚࠸࠾࡟㸪᭱ࡶ

㧗ࡋ♧ࢡ࣮ࣆࡢࡉ◳࠸㸪AZ 31-Oᮦࡢ➼ྠ࡜

ᑠࡀ⢏Ꮚᚄࡢ㸪MM⢊ᮎࡣࢀࡇ㸬ࡓࡋ♧ࢆ್

MM࡜ᙉ໬ࡿࡼ࡟ᬗ⢏ᚤ⣽໬⤖ࡽ࠿࡜ࡇ࠸ࡉ

ฎ⌮ࡿࡼ࡟ຍᕤࡢࡳࡎࡦᑟධࡿࡼ࡟ᙉ໬ࣂࡀ

 㸬ࡿࢀࡽ࠼⪄࡜ࡿ࠶࡛ࡵࡓࡓࢀࡽᚓࡃࡼࢫࣥࣛ

 

Fig. 4࡟ SPSᮦࡢ⤖ᬗ⤌⧊ࡍ♧ࢆ㸬MMฎ

ࡃࡉᑠࡀᬗ⢏ᚄ⤖࡟࠿ࡽ᫂ࡣࡢࡶࡓࡋ᪋ࢆ⌮

ࡼ࡟ᬗ⢏ᚤ⣽໬⤖ࡽ࠿࡜ࡇࡢࡇ㸪ࡾ࠾࡚ࡗ࡞

 㸬ࡿࢀࡽ࠼⪄࡜ࡿ࠸࡚ࢀࡉ㐩ᡂࡀᙉ໬ࡿ

 SPS ᮦࡢ┦ᑐᐦᗘࡣ⣙ 90㹼99 %࡜㧗್࠸

࠿ࡎࢃ㸪ࡣ࡜ࡇࡢࡇ㸬ࡓࡋ♧ࢆ 180 s㛫࠸࡜

ࡇࡓࢀࡉ㐩ᡂ࡟༑ศࡀ᫬㛫࡛㸪⦓ᐦ໬⤖↝࠺

ࡀᅛ໬ᡂᙧࡿࡼ࡟㸪SPSἲࡾ࠾࡚ࡋ၀♧ࢆ࡜

᭷ຠ࡛ࡿ࠸࡚ࡋ♧ࢆ࡜ࡇࡿ࠶㸬 

 MM ⢊ᮎ࡜ SPS ᮦࡢ X ⥺ᅇᢡࡿࡼ࡟ ᐃ

㸪Mgࡣ࡛ ௨እࡢᅇᢡྠࡣࢡ࣮ࣆᐃ࠿࡞ࢀࡉ

⤖↝ࡧࡼ࠾㸪MMฎ⌮୰ࡽ࠿࡜ࡇࡢࡇ㸬ࡓࡗ

୰࡟ Mg ࡜ࡇࡿࡍᅛ┦཯ᛂࡣ㓟ࣥࣜ࢔ࢸࢫ࡜

ࡿࡼ࡟཯ᛂࡢ࡜㓟ࣥࣜ࢔ࢸࢫ㸪ࡃ↓ MgO ࡸ

MgH2 ࡝࡞㸪Ỉ⣲⬤໬ࡽ࠿࡜ࡇ࠸↓ࡀᡂ⏕ࡢ

 㸬ࡿࢀࡽ࠼⪄࡜ࡢࡶ࠸࡞ࡽࡇ㉳ࡣ

 

4.4.4.4. ⤖ゝ⤖ゝ⤖ゝ⤖ゝ    

(1) MMฎ⌮᫬㛫ࢆ㛗࡛࡜ࡇࡿࡍࡃ⢏Ꮚᚄࡣ

ᑠࡾ࡞ࡃࡉ㸪ゅࢀྲྀࡀ㸪୸ࢆࡳᖏࡓࡧᆒ

 㸬ࡓࢀࡽᚓࢆ⢏Ꮚ࡞୍

(2) MMฎ⌮ࡀୖྥࡢࡉ◳࡛࡜ࡇ࠺⾜ࢆᚓࡽ

㸪᭱኱࡛ࡣ࡚࠸࠾࡟㸬MM⢊ᮎࡓࢀ 52.5 

HV 㸪MMࡋ♧ࢆ ฎ⌮࠸࡞࠸࡚ࡋࢆ⢊ᮎ

ࡶࡾࡼ 13.6 HVྥୖࡓࡋ 

(3) SPSἲ࡚࠸⏝ࢆᅛ໬ᡂᙧ࡛࡜ࡇࡿࡍMM

⢊ᮎࡢᶵᲔⓗᛶ㉁ࢆ⥔ᣢࡓࡋ┦ᑐᐦᗘࡢ

㧗ࢡࣝࣂ࠸ᮦࡀస〇࡛ࡓࡁ㸬ࡾࡼ࡟ࢀࡇ

SPS ᮦࡣ㸪᭱኱࡛ 51.4 HV  㸪AZࡋ♧ࢆ

31-O ᮦࡀࡉ◳ࡢ➼ྠ࡜ᚓࡓࢀࡽ㸬ࡓࡲ㸪

MM ฎ⌮࠸࡞࠸࡚ࡋࢆ⢊ᮎ࡛స〇ࡓࡋ

SPSᮦࡶࡾࡼ 16.8 HVྥୖࡓࡋ㸬 

(4) PCA ୙⣧ࡀ㓟ࣥࣜ࢔ࢸࢫࡓ࠸⏝࡚ࡋ࡜

ࡲ㸪ࡃ࡞࡜ࡇࡍࡽࡓࡶࢆᝏᙳ㡪࡚ࡋ࡜≀

࡞ࢀࡉฟ᳨ࡶ≀ᡂ⏕ࡿࡼ࡟㸪ᅛ┦཯ᛂࡓ

ࢡ࢖ࢧࣜࡸᛶ≉ࡓࢀ㸪ඃࡽ࠿࡜ࡇࡓࡗ࠿

ࣝᛶࢆ᭷ࡿࡍ⢊ᮎࡧࡼ࠾ SPS ᮦࢆస〇

 㸬ࡓࡁ࡛ࡀ࡜ࡇࡿࡍ

 

ㅰ㎡ㅰ㎡ㅰ㎡ㅰ㎡    

    ᮏ◊✲࡟⇕ᚰ࡟༠ຊࡓࡋ㸪ஂಖ⏣◊✲ᐊ 4

ᖺ⏕㸪ఀ⸨⚞㑻ྩ࡟㸪ㅰពࡍࡲࡋ⾲ࢆ㸬 
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Fig. 4 Fig. 4 Fig. 4 Fig. 4 Optical micrographs of pure Mg 
SPS materials with addition of 
1.25 g; (a) 0 h and (b) MM 64 h. 
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