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Fig.1 Kinetic diameter dependence of gas permeances 
(a: by cold or dip coating) , (b: by supercritical coating) 

Knudsen flow  
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1. ⥴ゝ 

 Ỉ⣲ศ㞳ࣜࢩࡣ⭷࢝ࣜࢩࢫ࢓ࣇࣝࣔ࢔ࡢࡵࡓࡢ

࡚ࡋ᭷ࢆ஧ඖⓗᵓ㐀ࡢ⢏⏺⣽Ꮝ࡜ࢡ࣮࣡ࢺࢵࢿ࢝

࣮࣡ࢺࢵࢿ࢝ࣜࢩࡣ࡟Ⅽࡢୖྥ⋠Ỉ⣲㏱㐣 ,ࡾ࠾

ࣜࢩࡢᚑ᮶ .ࡿࢀࡽ࠼⪄࡜ࡿ࠶㔜せ࡛ࡀไᚚࡢࢡ

࢟ࢥࣝ࢔ࡢಶ 1ࡀSi ཎᏊࡢ࡝࡞ TEOSࡣ࡛⭷࢝

࣮࣡ࢺࢵࢿ࢝ࣜࢩ ,ࡃከࡀ࡜ࡇࡿࢀࡽ࠸⏝ࡀࢻࢩ

 ,ࡣ࡛✲◊ᮏ .ࡿࢀࡽ࠼⪄࡜࠸ࡍࡸࡾ࡞࡟ᐦ⦔ࡀࢡ

ศᏊෆ࡟ 2 ಶࡢ Si ཎᏊࢆ᭷ࡢࡑ ,ࡋ㛫࡟-C2H4- 

ࡓࢀࡲ㎸ࡳ⤌ࡀ 1,2-bis(triethoxysilyl)ethane (௨

ୗ BTESE) ࢡ࣮࣡ࢺࢵࢿ࢝ࣜࢩ࡛࡜ࡇࡿ࠸⏝ࢆ

ࡿࡍᮇᚅࢆୖྥࡢ㑅ᢥᛶ࡜㏱㐣ᛶ ,ࡏࡉᣑ኱ࢆ 1). 

᭦࡟, ᚤ⣽ᵓ㐀యࡢ஝⇱᪉ἲ࡚ࡋ࡜ᗈࢀࡽ࠸⏝ࡃ

࡟⛬஝⇱ᕤࡢἲࣝࢤ-ࣝࢰࢆ㉸⮫⏺஝⇱ἲࡿ࠸࡚

ᛂ⏝ࡋ, ஝⇱ࣝࢤࡿࡼ࡟㦵᱁ࡢ◚ቯࢆ㜵ࡢ⭷ࡔ࠸

స〇ࢆᥦ᱌ࡿࡍ. ௨ୖࡾࡼ, ᮏ◊✲࡛ࡣ BTESE 

࡜స〇ࡢ⭷࢝ࣜࢩࢻࢵࣜࣈ࢖ࣁ᭷ᶵ↓ᶵࡓ࠸⏝ࢆ

᪂つ〇⭷᪉ἲ࡛ࡿ࠶㉸⮫⏺ࢢࣥ࢕ࢸ࣮ࢥἲࡢ㛤Ⓨ

  .ࡓࡋ࡜ⓗ┠ࢆ

2. ᐇ㦂 

2.1 BTESE 䝌䝹ㄪ〇䞉〇⭷䞉Ẽయ㏱㐣≉ᛶホ౯ 

 BTESE ⃰ᗘ, pH ࢆㄪᩚ࣮ࣝࣀࢱ࢚ ,ࡋ⁐፹୰

࡛ຍỈศゎ࣭⦰㔜ྜࡏࡉ, BTESE ࣏࣐࣮ࣜࢆࣝࢰ

ㄪ〇ࡓࡋ. H2O/ BTESE ࡣ ࡓࡋ࡜ 60~6 1).  

 〇⭷ࡣ α-Al2O3 ከᏍ㉁⟶⾲㠃࡟ α-Al2O3 ᚤ⢏Ꮚ

 SiO2-ZrO2 ,ࡋᖹ⁥໬࡚ࡋ㏉ࡾ⧞ࢆᢸᣢ, ↝ᡂࢆ

࡛࡜ࡇࡿࡍࢢࣥ࢕ࢸ࣮ࢥࢆࣝࢰࢻ࢖ࣟࢥ 1~2 nm 

ᇶᮦ⭷ࢆࢀࡇ ,ࡋస〇ࢆ୰㛫ᒙࡿࡍ᭷ࢆ⣽Ꮝᚄࡢ

࡟ࢀࡇ .ࡓࡋ࡜ BTESE ࣏࣐࣮ࣜ࢕ࢸ࣮ࢥࢆࣝࢰ

  .ࡓࡋస〇ࢆศ㞳ᒙ࡛࡜ࡇࡿࡍᡂ↝ ,ࡋࢢࣥ

 Ẽయ㏱㐣≉ᛶࡣ He, H2, N2, 

SF6 ➼ࡢศᏊᚄࡿ࡞␗ࡢ⣧࢞ࢫ

  .ࡓࡋᐃ ࢆ⋠㏱㐣ࡢ

2.2 ㉸⮫⏺䝁䞊䝔䜱䞁䜾 
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200~300°C, N2 1 4).  

3. ⤖ᯝ䛸⪃ᐹ 

 Fig.1-(a) ࡟ BTESE ⭷ࡓࡋస〇࡛ࣝࢰ࣮࣐࣏ࣜ

ࢆ ศᏊᚄ౫Ꮡᛶ(200°C)ࡢ⋠㏱㐣ࢫ⣧࡚࢞࠸ࡘ࡟

࡟≉࡚ࡗక࡟ቑຍࡢᅇᩘࢢࣥ࢕ࢸ࣮ࢥ .ࡍ♧ SF6 

ࣥ࢕ࢸ࣮ࢥࡢ┠ᅇ 6 .ࡓࡋῶᑡࡃࡁ኱ࡀ⋠㏱㐣ࡢ

࡛ࢁࡇ࡜ࡓ࠼⤊ࢆࢢ , H2 ㏱㐣⋡ 1.14×10-4 m3/ 

(m2·s·kPa), ㏱㐣⋡ẚα(H2/ SF6)=54000ࡇ .ࡓࡋ♧ࢆ

ࡾࡼ࡟ᣑ኱ࡢࢡ࣮࣡ࢺࢵࢿ࢝ࣜࢩࡣࢀ TEOS ࡛స

〇ࡓࢀࡉ⭷ 2,3) (ᖹᆒ⣽Ꮝᚄ~3Å)ࡶࡾࡼᖹᆒ⣽Ꮝᚄ

࡞ࣉ࣮ࣕࢩࡀศᕸࡘ࠿ (ᖹᆒ⣽Ꮝᚄ~4Å)ࡃࡁ኱ࡀ

㧗㏱ ,ࡾࡼ௨ୖ .ࡿࢀࡽ࠼⪄࡜Ⅽࡓࡁస〇࡛ࡀ⭷

㐣· 㧗㑅ᢥᛶࢆ᭷ࡿࡍ᭷ᶵ↓ᶵࣜࢩࢻࢵࣜࣈ࢖ࣁ

  .ࡓࡁ࡛ࡀ࡜ࡇࡿࡍస〇ࢆ⭷࢝

 Fig.1-(b) ࡟㉸⮫⏺ࢢࣥ࢕ࢸ࣮ࢥἲ࡛స〇ࡓࡋ⭷

ศᏊᚄ౫Ꮡᛶࡢ⋠㏱㐣ࢫ⣧࢞ࡢ〇⭷๓ᚋ࡛ࡢ

(200°C) ࡍ♧ࢆ. ⭷ᇶᮦࡢ≧ែ࡛ࡣ Knudsen ⓗ࡞

ศᏊᚄ౫Ꮡᛶࢢࣥ࢕ࢸ࣮ࢥ ,ࡀࡓ࠸࡚ࡋ♧ࢆᚋࡣ

࡟≉ SF6 ࡢ㏱㐣⋡ࡀ኱ࡃࡁῶᑡࡋ, Knudsen ࡛ࡢ

㏱㐣⋡ẚ α(He/ SF6)=6 ࡿᅇୖࢆ α=74 ௨ .ࡓࡋ♧ࢆ

ࢩࡿࡍ᭷ࢆ㑅ᢥᛶ࡛ࢢࣥ࢕ࢸ࣮ࢥ⏺⮫㉸ ,ࡾࡼୖ

  .ࡓࡗ࠶࡛⬟ྍࡀస〇ࡢ⭷࢝ࣜ
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