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Multi-materialization using cellulose nanofiber㸦Ϩ㸧 

 

ASAKURA Shuichi* 

 

࣐ࣝࡢࢫࢡࢵ࣑ࣛࢭࢡࢵࢳࢫࣛࣉࠊ࡚ࡋ⭷ᡂ࡛ࢫࢭࣟࣉ పࢆࢼ࣑ࣝ㠃⾲ࢺ࣮ࢩ㸦PP㸧ࣥࣞࣆࣟࣉ࣏ࣜ

PPࠋࡓࡗ⾜ࢆࣝࣜࢸ࣐ࢳ ⾲㠃ࡣ⾲㠃⮬⏤ࡀ࣮ࢠࣝࢿ࢚పࠊࡃ㧗࠸Ỉᛶࠊࡵࡓࡍ♧ࢆỈ⣔ࣜࣛࢫࢼ࣑ࣝࡢ

PPࠊࡽࡀ࡞ࡋࡋࠋࡓࡗ࠶ᅔ㞴࡛ࡣࡇࡿࡍࢢࣥࢸ࣮ࢥࠊࡃపࡀぶᛶࡣ࣮ ⣸እ㸦VUV㸧✵┿㠃⾲ࢺ࣮ࢩ

ගࢆ↷ᑕ࡚ࡋぶỈ࣮ࣂࣇࣀࢼࢫ࣮ࣟࣝࢭࡽࡉࠊࡋ㸦CNF㸧ࡢỈศᩓᾮࢼ࣑ࣝࢆຍࡓ࠼ΰྜ࣮ࣜࣛࢫ

CNFࠊᯝ⤖ࡓࡋࢢࣥࢸ࣮ࢥࢆ CNFࠊࢀࡉᤕᤊࡀࢼ࣑࡚ࣝࡗࡼࢡ࣮࣡ࢺࢵࢿࡿࡍᙧᡂࡀ ࡀぶỈᇶࡢ PP ࣮ࢩ

CNF/ࢼ࣑ࣝࠊࡓࡲࠋࡓࡗ࡞⬟ྍࡀ⭷ᡂࠊ࡛ࡇࡿࡍ╔྾ぶỈᇶࡢ㠃⾲ࢺ ΰྜࡋࢢࣥࢸ࣮ࢥࢆ࣮ࣜࣛࢫ

ࡧ㠃⾲⭷ࠊᚋࡓ VUV ගࢆ↷ᑕࡿࡍᐦ╔ᛶࡀᖜࠊࡋୖྥPP ࠸࡞ࡁ㉳ࡀࢡࢵࣛࢡ⭷ࡶ࡚ࡆ᭤ࡾᢡࢆ

ᰂ㌾ᛶࠋࡓࡋ♧ࡶᦶ᧿ヨ㦂ࡓࡗ⾜ࢆᚋࠊᦶ⪖ࢆ㟁Ꮚ㢧ᚤ㙾࡛ほᐹࢢࣥࢸ࣮ࢥࠊࢁࡇࡓࡋᚋ VUV ගࢆ

↷ᑕࠊࡣ⭷࠸࡞࠸࡚ࡋ㞳ࡀ㉳ࠊࡾ࠾࡚ࡁᡤࠎPP VUVࠊ᪉୍ࠋࡓࡗ࠶ࡀᡤ⟠ࡿ࠸࡚ࢀ⌧㠃⾲ࡀ ග⭷ࢆ↷ᑕ

ࡣᗏ㠃ࡢᦶ⪖ࠊࡀࡓࢀࡉほᐹ☜᫂ࡀᦶ⪖ࠊࡣࡢࡶࡓࡋ PP CNF/ࢼ࣑ࣝࡃ࡞ࡣ࡛ ࠋࡓ࠸࡚ࡋᏑᅾࡀ⭷ྜ「

௨ୖࠊࡾࡼPP ࡢࢺ࣮ࢩ VUV ග↷ᑕ⭷ྜ「ࡣ PP ⏺㠃ࡢᐦ╔ᛶᐤࠊࡾ࠾࡚ࡋᡂ⭷ᚋࡢ VUV ග↷ᑕࠊࡣ

 ࠋࡿࢀࡽ࠼⪄ࡿ࠸࡚ࡗ࡞ࡃ◳ࠊࡾῶࡀࡉᙉࡾ⢓ࡢ⭷ࡿࢀࡉࡀᐦ╔ᛶࡽࡉ

 

㸯㸬ࡵࡌࡣ 

ࠊࢫࢡࢵ࣑ࣛࢭࢡࢵࢳࢫࣛࣉࠊࡣࣝࣜࢸ࣐ࢳ࣐ࣝ

ࡲ᥋ྜࢆᮦᩱࡿ࡞␗࡞࠺ࡼࡢ㔠ᒓࢡࢵࢳࢫࣛࣉࡣࡓࡲ

ࠊ㧗ᙉᗘࠊࡸᨵၿࡢᮦᩱ≀ᛶࠊ࡛ࡇࡿࡍྜ「ࡣࡓ

㍍㔞ࡢ࡞ᐇ⌧ࢆ┠ᣦࠋࡿ࠶࡛ࡢࡶࡍ௨๓ࢳࢫࣛࣉࠊ

ሗࡿࡍ㛵ᐦ╔ᛶྥୖࡢ⟨㖡ࢻ࣑࣏ࣜࡢࢺ࣮ࢩࢡࢵ

࿌ࡓࡗ⾜ࢆ స〇ࢆᚤ⣽พฝ㖡⟩⾲㠃ࠊࡣ୰࡛ࡢࡑࠋ(1

➃ᮎࢆᐁ⬟ᇶࡿ࠶ࡢぶᛶࢻ࣑࣏ࣜࠊࡇࡿࡍ

ᣢࢢࣥࣜࣉࢵ࢝ࣥࣛࢩࡘ࡛㖡⟩⾲㠃ࢆᏛಟ㣭ࡇࡿࡍ

⟨㖡ࠊ࡚ࡗࡼ╔Ꮫⓗ྾ࡧࡼ࠾࣮࢝ࣥⓗ⌮≀ࠊ࡛

࣏ࣜࠊ᪉୍ࠋࡓࡋ⌧ᐇࢆ㧗ᐦ╔ᛶࡢࢺ࣮ࢩࢻ࣑࣏ࣜ

ศ㔝࡞ࠎᕤᴗ〇ရ➼ᵝࡽᐜჾໟࠊࡣ(PP)ࣥࣞࣆࣟࣉ

࡛ࠊࡀࡿ࠸࡚ࢀࢃ⾲㠃⮬⏤ࡀ࣮ࢠࣝࢿ࢚పࠊࡃ⾲㠃ࡢ

Ỉ᥋ゐゅࡀ್ࡢࡸࢢࣥࢸ࣮ࢥࠊࡵࡓ࠸ࡁ᥋╔ࡀᅔ

㞴࡞ᮦᩱ࡛ࠊࡽࡉࠋࡿ࠶PP ࡣⅬ⼥ࡢ 100 㹼 200Υ࡛

ࠊ⾡ᡂ⭷ᢏࡢ࡛ࢫࢭࣟࣉ పࡢ100Υ௨ୗࠊࡵࡓࡿ࠶

ᙉᗘࠊᐦ╔ᛶࠊᦶ⪖ᛶ➼ࡢ⭷≉ᛶࢆ࡛ࠊࡤࢀࡅ࡞ࡁ

 ࠋ࠸࡞࠼ゝࡣࣝࣜࢸ࣐ࢳ࣐ࣝ

࣑ࣛࢭ(CNF)࣮ࣂࣇࣀࢼࢫ࣮ࣟࣝࢭࠊ࡛ࡲࢀࡇ

ࡓࡁ࡚ࡋሗ࿌ࠊ࡚࠸ࡘྜ「ࡢࢫࢡࢵ CNFࠋ(2-3 ࡣ

㗰㕲ࡢ 5 ศࡢ 1 5ࠊ࡛ࡉ㍍ࡢ ಸ௨ୖࡢᙉᗘࢆᣢࡘᮦᩱ࡛

Ỉࠊࡾ࡞␗ࡣ➼⥔⧅Ⅳ⣲ࡸ࣮ࣛࣇᶵ↓ࡢࠊࡀࡿ࠶

ⓗ⯡୍ࠊ࡚ࡗᚑࠋࡿ࠶ᮦᩱ࡛࡞ែ࡛Ᏻᐃ≦ࡓࡋศᩓ

Ỉᛶ࡛ࡿ࠶▼Ἔࢡࢵࢳࢫࣛࣉࡓࡁ࡛ࡽΰࡇࡿࡐ

ࢫࢡࢵ࣑ࣛࢭࡿࡍཎᩱࢆ࣮ࣜࣛࢫỈࠊࡀࡿ࠶ᅔ㞴࡛ࡣ

ᙧࡢࢺ࣮ࢩྜ「ࡸయྜ「ࠊࡁ࡛ࡀࡇࡿࡐΰᐜ᫆ࡣ

ᡂࠋࡓࡗ࠶࡛⬟ྍࡀCNF ࡣ 200Υࢆ㉸ࡿ࠼⇕ศゎࢀࡉ

CNFࠊࢁࡇࡓࡋప ࡛స〇ࡢ100Υ௨ୗࠊࡵࡓࡿ ᙧࡀ

ᡂࡿࡍ 3 ḟඖࡶࡃ࡞ࡋࢆ⤖↝࡚ࡗࡼࢡ࣮࣡ࢺࢵࢿᙉ

ᗘ㠌ᛶࢆᣢࡀࢫࢡࢵ࣑ࣛࢭࡘస〇࡛ࠋࡓࡁ 

㔠ᒓࡿࡼ࣐ࢬࣛࣉࡸ⇕ࠊࡣ CVD㸦ᏛẼ┦╔㸧

ἲࡢ➼ࢢࣥࢸ࣮ࣞࣉࣥ࢜ࡸࢢࣥࣜࢱࢵࣃࢫࠊࡸ

PVD㸦≀⌮Ẽ┦╔㸧ἲࡢ࡞㧗 ࠊ࡛ࢫࢭࣟࣉᕤල

࠸࡚ࢀࡉ⭷ᡂࡀࢫࢡࢵ࣑ࣛࢭࡿ࠶ࡢᦶ⪖ᛶ⪏➼㒊ရࡸ

PPࠊ᪉୍ࠋࡿ ࡣ࡛ 100Υ௨ୗࡢప ࡛ࢫࢭࣟࣉᡂ⭷ࡋ

ࢡࡶᇶᯈୖ࡛࡞࠺ࡼࡢࢺ࣮ࢩࡣ࡛ࡇࡑࠊࡎࡽ࡞ࡤࢀࡅ࡞

ࡢᰂ㌾ᛶࡿࡍ㏣ᚑࡶࡆ᭤ࡾᢡࠊࡎࡁ㉳ࡀ㞳ࡸࢡࢵࣛ

 ࠋࡿ࠶ࡀᚲせࡿ࠶࡛⭷ࡿ࠶

ᮏ◊✲࡛ࠊ࡚ࡋࢫࢡࢵ࣑ࣛࢭࠊࡣ㟁Ꮚࣂࡸࢫࣂࢹ

ࡿ࠸࡚ࢀࢃศ㔝࡛࠸ᖜᗈ࡞㏵⏝ࢫࢡࢵ࣑ࣛࢭ࢜

CNFࠊ࠸⏝ࢆࢼ࣑ࣝ ཎᩱࢆ࣮ࣜࣛࢫΰྜࡢࢼ࣑ࣝ

ᾐₕἲ࡞౽⡆ࠊ࡚ࡋ 100Υ௨ୗࡢ⇱ࡼࢫࢭࣟࣉ

PPࠋࡓࡗ⾜ࢆ⭷ᡂ࡚ࡗ ࢼ࣑ࣝࡓࢀࡉᙧᡂୖࢺ࣮ࢩ

/CNF ࡸᐦᛶ⦔ࡢ⭷ྜ「 PP ホࢆᦶ⪖ᛶ⪏ࠊᐦ╔ᛶࡢ

౯ࠋࡓࡋ 

 

㸰㸬ᐇ㦂 

㸰㸬㸯� �᪉ἲࢢࣥࢸ࣮ࢥ

CNF ỈศᩓᾮࠊࡣCNF ⣙ࡀᅛᙧศࡢ 1 wt%ࡢࡶࡢ

㸦୰㉺ࣉࣝࣃᕤᴗ〇ࠊ㔪ⴥᶞᯘ⏤᮶ࡢ㉸㧗ゎ⧄ࣉࢱ㸧

ࣇ࣐ࢻ〇ࢫࢡࢵࢸ࣐ࢻ㸦ࡣࢼ࣑ࣝࠋࡓ࠸⏝ࢆ

ࣥ㸧ࡢᖹᆒ⢏ᚄ 600 nm ࣝࡓࡋ㔞⛗ࠋࡓ࠸⏝ࢆࡢࡶࡢ

࠺ࡼࡿ࡞ᅛᙧศࡢ%wt 5ࠊ࡚ࡋᑐࢼ࣑ CNF ⁐ᾮ

 ḟୡ௦ᢏ⾡㒊 * ࡌࡉ⸆ࠊࡁ࠸࡚࠼ຍᐜჾࡓࡗධࡀࢼ࣑ࣝࡘࡎࡋᑡࢆ
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࡛᧠ᢾࢆ࣮ࣜࣛࢫࡽࡀ࡞ࡋㄪ〇ࠋࡓࡋPP ⣙ࠊࡣࢺ࣮ࢩ

15 mm�40 mm ࡛࣮ࣝࣀࢱ࢚ࢆ㠃⾲ࠊࡕࡢࡓࡋࢺࢵ࢝

ࠊᕤᡣ〇ࢾ࢚⣸እග㟢ග⨨㸦✵┿ࠊ࡚࠸⥆ࠋࡓࡋࣉ࣡

ᅗ 1㸧࡚࠸⏝ࢆ┿✵⣸እ㸦VUVࠊἼ㛗 λ=172 nm㸧ගࢆ

103 Pa ୗ࡛ 30 ศ↷ᑕ࡚ࡋ PP ⾲㠃ࢆぶỈࠋࡓࡋㄪ〇ࡋ

ࡓࡋぶỈᾮ⁐࣮ࣜࣛࢫࡓ PP ┤ᆶᾮ㠃ࢆࢺ࣮ࢩ

5 ⛊㛫ᾐₕࡲࡲࡢࡑࠊࡏࡉᆶ┤ᘬࡢࡑࠋࡓࡆୖࡁᚋࠊ

40Υࡢ⇱ᶵ୰࡛ᅗ 2  ࠋࡓࡏࡉ⇱࠺ࡼࡢ

 

㸰㸬㸰� ホ౯᪉ἲ�

ぶỈ๓ᚋࡢ PP ᥋ゐゅࠊࡣỈ᥋ゐゅࡢ㠃⾲ࢺ࣮ࢩ

ィ㸦༠⏺㠃⛉Ꮫ〇㸧4ࠊ࡚࠸⏝ࢆ μl ࡉୗࢆ␃Ỉࡢ

ࡓࡋ⭷ᡂࠋࡓࡋᐃ ࡚ࡏ PP CNF/ࢼ࣑ࣝࡢୖࢺ࣮ࢩ

᪥ᮏ㟁Ꮚ〇ࠊ㉮ᰝᆺ㟁Ꮚ㢧ᚤ㙾㸦SEMࠊࡣ⭷ྜ「 JSM-

IT100㸧ࠊ࡚࠸⏝ࢆPt/Pd ࡋほᐹᚋࡓࡋࢢࣥࢸ࣮ࢥࢆ

ࡢ⭷ྜ「ࠋࡓ PP JIS K5600ࠊࡣᐦ╔ᛶࡿࡍᑐࢺ࣮ࢩ

࡛࣮ࢧ࣮࣌ࢫࡢࡁࢻ࢞ࠊࡋᣐ‽ἲࢺࢵ࢝ࢫࣟࢡࡢ

᱁Ꮚྛࡢ࣮ࣥࢱࣃ᪉ྥ 1 mm 㛫㝸࡛ษࡾ㎸ࢆࡳධࠊࢀ

᥋╔ຊࡀ 10.7 N/25mm ࡉ╔᥋࡚ࡗࡍࡇᣦ࡛ࢆࣉ࣮ࢸࡢ

⣙ࠊࡕࡢࡓࡏ 60rࡢゅᗘ࡛ᘬࠋࡓࡋࡀࡣࡁᐦ╔ヨ㦂ᚋ

⪏ࡽࡉࠋࡓࡋගᏛ㢧ᚤ㙾࡛┿ᙳࡣែ≦ࡢ⭷ྜ「ࡢ

ᦶ⪖ᛶࡢホ౯ࢆ⭷ྜ「ࡎࡲࠊࡣᡂ⭷ࡓࡋ PP ࠊࢆࢺ࣮ࢩ

⾲㠃ᦶ᧿ヨ㦂ᶵ㸦᪂ᮾ⛉Ꮫ〇ࢠ࣎ࣛࢺ TYPE38 ᆺ㸧

ࡣලࡿࡏࡉ⪕ᦶࠋࡓࡋᅛᐃ࡛ࣉ࣮ࢸ୧㠃㉮ᰝྎࡢ

10 Φ ࡢ SUS304 ࢆᆶ┤Ⲵ㔜࡚࠸⏝ࢆ࣮ࣝ࣎ 100 g ࠊ㉮

ᰝ㏿ᗘ 100 mm/minࠊ㉮ᰝ㊥㞳 15 mm 3600ࠊࡋ ⛊㛫

㸦215  㸧ࠊ࡚ࡏࡉᦶ᧿ᢠຊࡢኚࢆほᐹࠋࡓࡋᦶ

᧿ヨ㦂ᚋࡢᦶ⪖ࡢᵝᏊࠊࡣSEM ࡛ほᐹࠋࡓࡋ 

 

㸱㸬⤖ᯝཬࡧ⪃ᐹ 

㸱㸬㸯� CNF/ࢼ࣑ࣝ  స〇ࡢ⭷ྜ「

PP ࡋᐃ ࢆỈ᥋ゐゅࡢぶỈฎ⌮๓ᚋࠊࡢࢺ࣮ࢩ

ᅗࢆᯝ⤖ࡓ 3 ᅗࠋࡍ♧ 3(a)࠺ࡼࡢฎ⌮๓ࡢ PP ࣮ࢩ

ࡣ᥋ゐゅࠊࡾ࠶Ỉᛶ࡛ࡣࢺ 104rࠊ࡚࠸⥆ࠋࡓࡋ♧ࢆ

VUV ගࢆ 103 Pa ୗ࡛ 30 ศ↷ᑕࡓࡋ⤖ᯝࠊᅗ 3(b)࠺ࡼࡢ

ࡣ᥋ゐゅ 60r࡛ࡲపୗࠊࡣࢀࡇࠋࡓࡋVUV ගࡢගᏊ

ࡀ࣮ࢠࣝࢿ࢚ 697 kJ/mol PPࠊ࡚ࡋᑐ ࢱࣥࢥࡢ㠃⾲ࡸ

ࡿࡍᵓᡂࢆ࣑ C-C 㸦324 kJ/mol㸧ࡸ C-H 㸦410 kJ/mol㸧

ࠊࢀࡽࡵᙅࡀྜ⤖ࠊࡵࡓ࠸ࡉᑠࡀ࣮ࢠࣝࢿ࢚ྜ⤖ࡢ࡞

VUV ග࡚ࡗࡼⓎ⏕ࡓࡋάᛶ㓟⣲ศᏊෆࡢ C ࡸ H ࡀ

࡚ࡋྜ⤖ H2O ࡸ CO2 PPࠊᯝ⤖ࡢࡑࠋࡿࢀࡉᙧ࡛ฟࡢ

OHࠊࡣ㠃⾲ࢺ࣮ࢩ ࡸ COOH ࢀࡉᙧᡂࡀぶỈᇶࡢ➼

ࡿࢀࡽ࠼⪄ࡓࡋపୗࡀ᥋ゐゅࠊࡵࡓࡓ  ࠋ(4

ḟࠊぶỈࡓࡋ PP ࢼ࣑ࣝࠊࢺ࣮ࢩ CNF ࡢ

ΰྜࡢࡑࠋࡓࡋࢢࣥࢸ࣮ࢥࢆ࣮ࣜࣛࢫ⤖ᯝࠊVUV ග

࠸࡞ࢀࡉᑕ↷ࡀ PP ᅗࡣ㠃ࡢࢺ࣮ࢩ 4(a)ࢫ࠺ࡼࡢ

CNFࠊ᪉୍ࠋࡓࡗ࡞ࢀࡉࢢࣥࢸ࣮ࢥ࡚࠸ᙎࡀ࣮ࣜࣛ

ࢆ࣮ࣜࣛࢫࡢࡳࡢࢼ࣑ࣝ࠸࡞࠸࡛ࢇྵࢆ VUV ග↷ᑕ

�

ᅗ㸯� ┿✵⣸እග㟢ග

⨨�

�

�

ᅗ㸰� ࡋࢢࣥࢸ࣮ࢥ

ࡓ PP ⇱᪉ࡢࢺ࣮ࢩ

�

ᅗ㸱� PP ࡢ㠃⾲ࢺ࣮ࢩ VUV ග↷ᑕ๓ᚋࡢỈ

᥋ゐゅ㸦a㸸↷ᑕ๓ࠊb㸸↷ᑕᚋ㸧 

�

ᅗ㸲� ぶỈ↓ࡋ(a)ࡧࡼ࠾ CNF ࡢሙྜࡢ(b)ࡋ↓

 ほᐹ⤖ᯝࡢ⭷

�
ᅗ㸳� PP ࡢ⭷ྜ「ࡓࡋࢢࣥࢸ࣮ࢥࢺ࣮ࢩ

SEM ⏬ീ㸹(a)100 ಸࠊ(b)6000 ಸ 



ᒱ㜧┴⏘ᴗᢏ⾡⥲ྜ࣮ࢱࣥࢭ◊✲ሗ࿌� ➨㸯ྕ�

�

- 43 - 

ᚋ࡚ࡋࢢࣥࢸ࣮ࢥ⇱ࡓࡋ⤖ᯝࠊᅗ 4(b)࠺ࡼࡢ⭷

PPࠊࡾࡼࡇࡢ௨ୖࠋࡓࡕⴠࢀࡀࡀ ⾲㠃ࢆぶỈฎ

ࢼ࣑ࣝࠊࡣ࡛ࡲࡲࡢỈᛶ࠸࡞࠸࡚ࡋ⌮ CNF ୧ࡢ

᪉ࡶぶᛶࡵࡓ࠸࡞ࡀᏛⓗ྾╔ࡀ㉳ࡇ࠸࡞࠸࡚ࡁ

ࢆ࣮ࣜࣛࢫࡢࡳࡢࢼ࣑ࣝࠊࡓࡲࠋࡿ࠼ゝࡀ 40Υ࡛

PPࠊࡃ࡞ࡶྜ⤖ࡢኈྠࢼ࣑ࣝࠊࡣ࡛ࡅࡔࡓࡋ⇱ ぶࡢ

Ỉᇶࢼ࣑ࣝ⢏Ꮚ༢⊂ࡢ᥋╔ࠊࡵࡓࡿ࡞᥋╔ຊࡀᙅ

୰࣮ࣜࣛࢫ᪉୍ࠋࡿࢀࢃᛮࡓࡕⴠࢀࡀ⡆༢ࠊࡃ

CNF ࡀ⭷࠸࡞ࢀࡀࡶ⇱ᚋࠊࡣ⭷ྜ「ࡢሙྜࡿ࠶ࡀ

ᙧᡂࡢࡇࠋࡓࢀࡉ⾲㠃ࢆ SEM ࡛ほᐹࡓࡋ⤖ᯝࢆᅗ 5 

࡞ࢇࡶจ㞟యࡢࢼ࣑ࣝ⭷ྜ「ࡾࡼࢀࡇࠋࡍ♧

ࡢୗᆅࠊࡾ࠾࡚ࢀࡉᙧᡂࡀ⭷࡞ᆒ୍࡛⦓ᐦࠊࡃ PP ⾲ࡀ

㠃ࡿ࠸࡚ࢀ⌧⟠ᡤࠊࡓࡲࠋࡓࡗ࡞ࡣᅗ 5(b)ࡢᣑീ

㠃⾲ࡢࡑࠊࡋศᩓᆒ୍ࡀࢼ࣑ࣝࠊࡾࡼ CNF ⤡ࡀ

ࡀࡢ࠸࡚ࡋᙧᡂࢆࢡ࣮࣡ࢺࢵࢿࡢᵓ㐀┠⥙࠺ࡼࡃࡘࡳ

☜ㄆ࡛ࠋࡓࡁ 

㸱㸬㸰�  ホ౯ࡢᐦ╔ᛶࡢ⭷ྜ「

ḟ PP ࣝࠋࡓࡋホ౯ࢆᐦ╔ᛶࡢ⭷ྜ「ࡢୖࢺ࣮ࢩ

CNF/ࢼ࣑ ࠊࡢࣝࣉࣥࢧࡓࡋ⇱ࡋࢢࣥࢸ࣮ࢥࢆ⭷ྜ「

ヨࡋࡀࡁᘬࡿࡼࣉ࣮ࢸᚋࡳ㎸ࡾษࡿࡼ࣮ࢱࢵ࢝

㦂ᚋࡢ┿ࢆᅗ 6 ᅗࠋࡍ♧ 6(b)ࡢ⭷࠺ࡼࡢ 50%௨ୖ

◊ᮏࠊ࡛ࡇࡑࠋࡓࡗ࡞ࡃⰋࡣᐦ╔ᛶࠊࡾ࠾࡚ࢀࡀࡀ

PPࠊࡣ࡛✲ ࠊᚋ࡛ࡓࡋࢢࣥࢸ࣮ࢥࢆ࣮ࣜࣛࢫࢺ࣮ࢩ

ࡧ VUV ගࢆ↷ᑕ࡛ࡇࡿࡍᐦ╔ᛶࡿࡁ࡛ୖྥࢆ

⇱ᶵࡢ40Υࠊᚋࢢࣥࢸ࣮ࢥࠋࡓࡋヨ࠺ 30 ศ㛫

ධ༙ࡢ⭷ࠊࢀศ௨ୖࡔࡲࡀ࡚ࢀ⇱࠸࡞࠸࡚ࡋ≧ែ࡛ࠊ

VUV ගࢆ↷ᑕࠋࡓࡋVUV ගࡣ✵Ẽ୰ࡢ㓟⣲྾ࢀࡉ

ࠊࡣࡵࡓࡿࡍぶỈࢆ㠃⾲࠺ࡼࡓࡋඛ㏙ࠊࡵࡓࡿ

103 Pa ⛬ᗘࡢ┿✵ୗ࡛↷ᑕࡓࡋ᪉ࠊࡀගάᛶ㓟⣲ࡢ୧

᪉ࡢຠᯝ࡛ຠ⋡ࡃࡼᨵ㉁࡛ࠊࡽࡀ࡞ࡋࡋࠋࡿࡁ┿✵ᘬ

Ⲩ㠀ᖖࠊࡋẼࡀỈศࡿ࠸࡚ࡋṧᏑ୰⭷ࡿࡍࢆࡁ

VUVࠊẼᅽ㞺ᅖẼୗ࡛ࠊࡵࡓࡓࡗ࡞㠃⾲ࡓࢀ ࣛࣥ

ࢆ㊥㞳ࡢࣝࣉࣥࢧࣉ 5 mm ௨ୗ㏆࡙࡚ࡅ↷ᑕࠋࡓࡋ

ᚋࢢࣥࢸ࣮ࢥࠊࡢࡇࡓࡲ 90 ศ⇱ࠊࡋࡓࢀ㒊ศ

Ẽᅽ㞺ᅖẼ௨ୗ࡛ᵝྠࢆࡢࡶࡓࡗ࡞ែ≦࠸࡞ࡀ

VUV ගࢆ 30 ศ↷ᑕࡽࡉࠋࡓࡋẚ㍑ࢸ࣮ࢥࠊ࡚ࡋ

40Υ࡛ࠊᚋࢢࣥ 4 㛫⇱ྠࡶࡢࡶࡓࡏࡉᵝ VUV

ගࢆ↷ᑕ࡚࠸ࡘࣝࣉࣥࢧࡢࢀࡒࢀࡑࠋࡓࡋᐦ╔ᛶヨ㦂

ᅗࢆᯝ⤖ࡓࡗ⾜ࢆ 7(a) ~ (c)ࡢࡇࠋࡍ♧⤖ᯝࢸ࣮ࢥࠊ

ᚋࢢࣥ VUV ගࢆ↷ᑕ࡛ࡇࡿࡍᐦ╔ᛶ࠸࡚ࡋୖྥࡀ

ᅗ≉ࠋࡓ 7(a)ࡔࡲࠊ࠺ࡼࡢ⾲㠃ࡀ࠸࡞࠸࡚࠸≧ែ

࡛ VUV ගࢆ↷ᑕࠊࡋ↷ᑕᚋࡔࡲࡶࠊࡵࡓࡓ࠸࡚ࢀ

ࡧ 40Υ࡛⇱ࡓࡏࡉᚋᐦ╔ᛶヨ㦂ࣉࣥࢧࡓࡗ⾜ࢆ

ࡀᕪⅬࡢ≦᱁Ꮚࠊࡀࣝ 15 ࡳࡢࡿ࠸࡚ࢀࡀᡤ⛬ᗘ

ᅗࠊḟࠋࡓࡗ࡞ᑡࡀࢀࡀࡶ᭱ࠊ࡛ 6(b)ᅗ 7(a)ࡢ

ࢆᡤ⟠ࡿ࠸࡚ࢀࡀࡀ⭷ SEM ࡛ほᐹࡓࡋ⤖ᯝࡒࢀࡑࢆ

ᅗࢀ 8 ᅗࡧࡼ࠾ 9 ࢧࡢࡽࡕࠊࡇ࠸῝⯆ࠋࡍ♧

࡚ࡗ㒊ศṧࡀ⭷ྜ「ࡣᗏ㠃ࡢᡤ⟠ࡓࢀࡀࡶࣝࣉࣥ

PPࠊࡣࡇࡢࡇࠋࡓ࠸ ⏺㠃ࡢ⭷ྜ「㛫࡛㞳ࡀ㉳ࡁ

ࡀࡢࡶࡿ࠸࡚ࢀࡀ㛫࡛⭷ྜ「ࠊࡃ࡞ࡣ࡛ࡢࡿ࠸࡚

PPࠊ࡚ࡗᚑࠋࡿ࠸࡚ࡋ♧ࢆࡇࡿ࠶࡛ࢇ ⏺㠃」ྜ

ࡢ๓ࠊࡣᐦ╔ᛶࡢ⭷ PP ࡢࢺ࣮ࢩ VUV ගࡼ

ࢢࣥࢸ࣮ࢥࠊࡀࡔࡽ᫂ࡣࡇࡿ࠸࡚࠸ຠࡀぶỈࡿ

ᚋࡢ VUV ග↷ᑕࠊࡣ⭷⮬యࡀจ㞟◚ቯࡇࡿ࡞ࡃࡃࡋ

�
ᅗ㸴� ษࡾ㎸ࡳᚋ(a)ࠊᘬࡁࡋࡀᚋ(b)ࡢ┿ 

�

ᅗ㸵� 30ࠊᚋࢢࣥࢸ࣮ࢥ ศᚋ(a)90ࠊ ศᚋ(b)4ࠊ

㛫ᚋ(c)Ẽᅽୗ࡛ VUV ගࢆ↷ᑕࡓࡋᚋᐦ╔

ᛶヨ㦂ࡓࡗ⾜ࢆ⤖ᯝࡢ┿ 

�

ᅗ㸶� ᅗ 6(b)ࡢࣝࣉࣥࢧࡢ SEM ┿ࡧࡼ࠾㞳⟠

ᡤࡢᣑീ�  

�

ᅗ㸷� ᅗ 7(a)ࡢࣝࣉࣥࢧࡢ SEM ┿ࡧࡼ࠾㞳⟠

ᡤࡢᣑീ�  
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ࡤࡽ࡞⭷࣮࣐࣏ࣜࠋࡿ࠼ゝࡿ࠸࡚ࡋ⫣㈉ VUV ග

ࡓࡗ࠶ࡣࡇࡿࡍ◳ࡀ⭷ࠊࡁ㉳ࡀᯫᶫ࡚ࡗࡼᑕ↷ࡢ

ࡀ ࢼ࣑ࣝࠊࡣ⭷ྜ「ࡢ࡛✲◊ᮏࠊ(5 CNF Ꮡᅾࡋ

VUVࠋ࠸࡞ࡋ ගࡧࡼ࠾ࢼ࣑࡚ࣝࡗࡼ CNF ⾲㠃ぶ

ỈᇶࡀࠊࢀࡉᏛ྾╔Ⅼࡀቑຍࡢ⭷ࡿࡼࡇࡿࡍ

⿵ᙉࢀࡑࠊࡀࡿࢀࡽ࠼⪄ࡣ௨እ CNF ࡍࡰཬ VUV

ගࡢຠᯝࠊࡣ࡚࠸ࡘᚋㄪࡿᚲせࠊࡓࡲࠋࡿ࠶ࡀ᪤

ሗࡢ CNF సࡀࢫࢡࢵ࣑ࣛࢭࡿࡀ᭤ࡿ࠶ࡢ㠌ᛶ࡚ࡗࡼ

〇࠺ࡼࡓࢀࡉ ࡿ࠸࡚ࢀࡉᙧᡂ୰⭷ࡶ࡛✲◊ᮏࠊ(6

CNF PPࠊ࡚ࡗࡼࢡ࣮࣡ࢺࢵࢿࡢ ࡚ࡆ᭤ࡾᢡࢆࢺ࣮ࢩ

 ࠋࡓࡁ࡛⌧ᐇࡀᰂ㌾ᛶ࠸࡞ࡽධࡀࢡࢵࣛࢡ⭷ྜ「ࡶ

㸱㸬㸱�  ホ౯ࡢᦶ⪖ᛶ⪏ࡢ⭷ྜ「

ḟࡢ⭷ྜ「ࠊ⪏ᦶ⪖ᛶࢆホ౯ࢢࣥࢸ࣮ࢥࠋࡓࡋᚋ

⇱ࢢࣥࢸ࣮ࢥࠊࣝࣉࣥࢧࡢࡳࡢᚋ 30 ศ⇱ࡏࡉ

ᚋࡓ VUV ගࢆ↷ᑕࢆࣝࣉࣥࢧࡓࡋ ᐃࠋࡓࡋᅗ

10(a)(b)ࡢᦶ᧿ຊࡢ⤒ኚࢆぢࡶࡽࡕࠊࡿࡁ

ᅗࠊࡀࡓࡗ࡞ࡣࡇࡿࡍቑຍࡃ 10(a)ࠊࡢVUV ගࢆ

↷ᑕࡢࣝࣉࣥࢧࡓࡗ࡞ࡋ᪉ࡎࢃࡀᦶ᧿ຊࡢᖜࡀᑠ

ࢀࡽぢࡀᦶ⪖ࡣ㠃⾲⭷ࡶࡽࡕࠋࡓࡗ࡞ᯝ⤖࠸ࡉ

SEMࠊࡵࡓࡓ ࡛ᦶ᧿ヨ㦂ᚋࢆࣝࣉࣥࢧࡢほᐹࠋࡓࡋᅗ

11(a)ࠊࡾࡼVUV ගࢆ↷ᑕࡣ࡛ࣝࣉࣥࢧ࠸࡞࠸࡚ࡋ

㞳ࡀ⭷ࡓࡋ⾲㠃ṧࠊࡾ࠾࡚ࡗᅗ 11(b)ࢢࣥࢸ࣮ࢥࡢ

ᚋ VUV ගࢆ↷ᑕࡀ⭷ࠊࡣ࡛ࣝࣉࣥࢧࡓࡋᦶ⪖ࢀࡉ

㝖ཤ࠺ࡼࡿ࠸࡚ࢀࡉぢࢀࡑࠊࡽࡀ࡞ࡋࡋࠋࡿ࠼

࡚ࢀࡉ㝖ཤࡀ⭷ࠊ୰࡛ࡢ㡿ᇦࡢᦶ⪖ࡢࣝࣉࣥࢧࡢࢀࡒ

ᅗࠊࢁࡇࡓࡋᣑࢆᡤ⟠ࡿࢀࢃᛮࡿ࠸ 11(c)࡛ࠊࡣ

ࡢୗᆅࡃ↓ࡀ⢏Ꮚࢼ࣑ࣝ PP ࡗ࠶ࡀᡤ⟠ࡿ࠸࡚࠼ぢࡀ

ᅗࠊࡋᑐࡢࡓ 11(d)࡛ࡣᗏ㠃㒊ࡀࢼ࣑ࣝࡣᏑᅾࠊࡋ

ୗᆅࡢ PP VUVࠊࡶࢀࡇࠋࡓࡗ࡞ࡣᡤ⟠ࡿ࠸࡚࠼ぢࡀ

ගࡿࡼᐦ╔ᛶྥୖࡀ㉳ᅉࡿ࠸࡚ࡋゝࠊࡓࡲࠋࡿ࠼ᅗ

11(a)(b)ࡢᦶ⪖ࡢᙧ≧ࡢ㐪ࡢ⭷ࠊࡣ࠸ᙉᗘ࣭◳ᗘࡀ

VUVࠋࡿࢀࡽ࠼⪄ཎᅉࡀࡇࡿ࡞␗ ගࢆ⭷ࠊࡣ㏱㐣

࡚ࡋ PP ⾲㠃ࡶ↷ᑕࡿ࠸࡚ࢀࡉᛮࠊࡵࡓࡿࢀࢃPP 

ࡸ⭷ࠋࡿ࠶ࡀᛶ⬟ྍࡿ࠸࡚ࡁ㉳ࡀ◳ࡶ PP ㉳ࡀ◳

ࡿ࡞ࡃࡁࡀᛂຊ᩿ࢇࡏࡿࡍ⏕Ⓨ㝿ࡿࡍ᧿ᦶࠊࡿࡁ

㏫ࠊࡃࡍࡸࡋ⪕ᦶࡵࡓ VUV ගࢆ↷ᑕ࠸࡞࠸࡚ࡋ㌾

ࡵࡓ࠸ࡍࡸࡋኚᙧࠊࡃࡉᑠࡀᛂຊ᩿ࢇࡏࡀ᪉ࡢ⭷࠸ࡽ

 ࠋࡿࡍ⮴୍ᯝ⤖ࡿ࠼⪄ࡓࡗ࡞ࢀࡀ࡞࡞

�

㸲㸬ࡵࡲ�

PP ࣐ࢳ࣐࡛ࣝࡇࡿࡍ⭷ᡂࢆࢼ࣑ࣝ㠃⾲ࢺ࣮ࢩ

PPࠋࡓࡳヨࢆࣝࣜࢸ ⾲㠃ࢆ VUV ග࡛ぶỈฎ⌮

ࢼ࣑ࣝࠊࡋ CNF Ỉศᩓᾮࡽᡂࡿΰྜࢆ࣮ࣜࣛࢫ

ࡧࠊᚋࡓࡋࢢࣥࢸ࣮ࢥ VUV ගࢆ」ྜ⭷⾲㠃↷ᑕ

CNFࠊᯝ⤖ࡢࡑࠋࡓࡋ ࡗࡼࢡ࣮࣡ࢺࢵࢿぶỈᛶࡢ

࡚㧗࠸ᐦ╔ᛶᰂ㌾ᛶࡀ⭷ྜ「ࡿ࠶ࡢᚓࠊࡓࡲࠋࡓࢀࡽ

ᦶ᧿ヨ㦂ᚋࡢᦶ⪖ࢆほᐹࡓࡋ⤖ᯝࢢࣥࢸ࣮ࢥࠊᚋ

VUV ගࢆ↷ᑕࡢ⭷ࡓࡋ᪉ࠊࡀᦶ⪖㔞ࡀࠊࡃࡁᦶ⪖

⣮࡚ࡋ㝖ཤࠊࡣࢀࡇࠋࡓ࠸࡚ࢀࡉVUV ගࡢ↷ᑕࡼ

ࡸ⭷ྜ「࡚ࡗ PP ࡁࡀᛂຊ᩿ࢇࡏࡃാ⭷ࠊࡋ◳ࡀ

⪕ᦶࠊࡽࡀ࡞ࡋࡋࠋࡿ࠼ࡽ࠼⪄ཎᅉࡀࡇࡓࡗ࡞ࡃ

ࡢᗏ㠃㒊ࡀ⭷ྜ「ࡣṧࠊࡾ࠾࡚ࡗVUV ග↷ᑕࡼ

CNFࠊࡣᚋࠋࡓࡁㄆ࡛☜ࡣୖྥࡢᐦ╔ᛶࡢ㠃㒊⏺ࡿ

ࡽࡉࠊ࠼ኚࢆ㓄ྜࡸ㢮✀ࡢ VUV ගࡢ↷ᑕࡀ CNF ࠾

ᰂ㌾ᛶࡸᐦ╔ᛶࠊ࡛ࡇࡿࡍゎ᫂ࢆᙳ㡪ࡿ࠼⭷ࡧࡼ

௨እ⪏ᦶ⪖ᛶࡶࡀࡇࡿࡍㄢ㢟࡛ࠋࡿ࠶ 

��
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ᅗ㸯㸮� ࡢᚋࢢࣥࢸ࣮ࢥ VUV ග↷ᑕ↓ࡋ(a) 

�ᦶ᧿ヨ㦂⤖ᯝࡢ(b)ࡾᑕ᭷↷ࡧࡼ࠾

�
ᅗ㸯㸯� ࡢᚋࢢࣥࢸ࣮ࢥ VUV ග↷ᑕ↓ࡋ(a)

(c)ࠊ↷ᑕ᭷ࡾ(b)(d)ࡢᦶ᧿ヨ㦂ᚋࡢ SEM ⏬ീ 


