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➨ 1 ❶  ᗎㄽ  

1.1  ᮏ◊✲ࡢព⩏  

ᮏ◊✲ࡢ⊂๰ᛶࡣ㸪ୡࡢ୰ࢫࢡࢵ࣑ࣛࢭࣥ࢖࢓ࣇࡢᮦᩱࡢ㛤Ⓨືྥࡀᑠᆺ㸪㧗ᶵ

⬟ᛶᣦྥ࡛㐍࡟࡜ࡇࡓࢀࡽࡵᑐ࡚ࡋ㸪ୗグ 1.㹼 㸬ࡿ࠶Ⅼ࡛ࡓࡋ║╔࡟.3  

1.  ᖖᅽ↝⤖Ⅳ໬࠸ࡅ⣲ *ᮦᩱ (  SSiC )ࢆ኱ᆺᵓ㐀ᮦᩱ࡚ࡋ࡜㛤Ⓨࡓࡋ㸬  

2.  ᙧ≧୍ࡣ➃ᑒ࡛ࡌ௚᪉➃ࢆࢪࣥࣛࣇ࡟᭷ࡋ㸪኱ࡣࡉࡁ⣙ȭ 200ェ2000mm ࠶࡛

㸬ࡿ  

3.  ᮦᩱࡣ⊂⮬㛤Ⓨࡿࡼ࡟ᑡ㔞࠺࡯ࡢ⣲࡜Ⅳ⣲ࢆ↝⤖ຓ๣ࡕࡓ࠸⏝࡟ᐦ࡛ᆒ୍࡞  

↝⤖య࡛ࡿ࠶㸬  

ຎᝏ࡞⎔ቃୗ࡛౑⏝ࡿࢀࡉᕤᴗタഛᵓ㐀㒊ᮦࡢ኱㒊ศࡣ㔠ᒓᮦᩱ࡛ᵓ⠏࠸࡚ࢀࡉ

せࢆ࡝࡞㟁☢Ẽ≉ᛶࡸ⪕㸪⪏⭉㣗㸪⪏ᦶ⇕⪏࠸࡞༑ศ࡛ࡣᛶ㉁࡛ࡢ㸪㔠ᒓᮦᩱࡀࡿ

ồࡿࢀࡉ㒊఩ࢫࢡࢵ࣑ࣛࢭࣥ࢖࢓ࣇࡣ࡟ᮦᩱࡀ౑⏝ࡿ࠸࡚ࢀࡉ㸬ᑠᆺ㒊ᮦ࡛㸪୙ල

ྜ᫬ࡢ஺᥮ࡀࢫࣥࢼࢸ࣓ࣥࡢ࡝࡞ᐜ࡛᫆ࡤࢀ࠶㐺ᐅ౑⏝ࡀࡿࢀࡉ㸪⬤ᛶᮦᩱ࡛ࡿ࠶

኱ᆺ㒊ᮦ࡟㛵ࡣ࡚ࡋ౑⏝᪉ἲࡿࡍ࡟☜᫂ࢆᚲせࡾ࠶ࡀ㸪ᬑཬࡣ㐜ࡀࡢࡿ࠸࡚ࢀ⌧≧

㸬ࡿࡿࢀࡽࡆ࠶ࡀⅬࡢ㸪ୗグࡣ࡟せᅉ࡞୺ࡿ࡞࡜ࡆጉࡢୖ⏝㸬ᐇࡿ࠶࡛  

a .  ⬤ᛶᮦᩱ࡛ࡿ࠶㸬   

b.  ᥋ྜࡴྵࢆ」㞧ᙧ≧ရࡢ〇㐀ࡀ㞴࠸ࡋ㸬   

c .  㔠ᒓ࡜⇕⭾ᙇ⋡ࡿ࡞␗ࡀ㸬  

d.  J IS つ᱁࡛኱㔞⏕⏘ࡿࢀࡉ㔠ᒓᮦᩱ࡟ẚึ࡭ᮇࡀࢺࢫࢥ㧗࠸㸬  

ࡿࡼ࡟✲◊㸪ᮏࡢቃୗ࡛⎔࡞ຎᝏ࠸࡞ࡁ࡛⏝౑ࡣᮦᩱ࡛ࡿࡼ࡟⾡ᚑ᮶ᢏ࡚ࡗࡼ

SSiC ኱ᆺᵓ㐀㒊ᮦࡢᏳ඲࡞౑⏝ࢆ┠ᣦࡓࡋၥ㢟ゎỴࡿࡍᐇ⿦ࡸࢱ࣮ࢹࡢࡵࡓࡢ

▱ぢࡣᕤᏛⓗ࡟ព⩏ࡿ࠶ࡀ㸬ࡢࡽࢀࡇⅬࡣ௒ᚋࢫࢡࢵ࣑ࣛࢭᮦᩱࢆᬑཬࡓࡿࡏࡉ

㸬ࡿ࠶ࡶၥ㢟࡛࡞ᇶᮏⓗ࠸࡞ࡽ࡞ࡤࢀࡅ࡞ࡋゎỴ࡟ࡵ  

 

ᮏ◊✲ࡣ㸪㛤Ⓨࡿࢀࡉ SSiC ኱ᆺ〇ရࢆᐇ⏝໬ࡿ࠼⪏࡟Ỉ‽࡟ࡵࡓࡿࡍୗグࡢ

ձ㹼ճࡋ┠╔࡟㸪ලయⓗ࡞⏝㏵࡚࠸࠾࡟ၥ㢟ࢆゎ᫂ࡋ㸪Ᏻ඲࡟㐺⏝ࢆ࡜ࡇࡿࡍヨ

㸬ࡿࡳ   

ձ〇㐀ᢏ⾡  

୍➃ᑒ࡛ࡌ௚➃ࢆࢪࣥࣛࣇ࡟᭷ࡿࡍᙧ≧ⷧࡢ⫗㸪኱ᆺ㸪㛗ᑻ〇ရࡢ〇㐀ᢏ⾡࡛  

 

ᖖᅽ↝⤖Ⅳ໬࠸ࡅ⣲ *(Pressureless sintered si l icon carbide ௨ᚋ SSiC ࡍ␎࡜ )  
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ࡀᚲせࡿࡍ඘ሸ࡟ᆒ୍ࢆ⢊య࡟㛫✵࠸⊂ࡢ㸪ᡂᙧᆺࡣᡂᙧ࡛ࡢ㸬ⷧ⫗〇ရࡿ࠶

㸪CIPࡵࡓࡿ࠶
( 1 )ᡂᙧ⏝㐀⢏⢊ࡣὶືᛶࡢⰋࡀ࡜ࡇ࠸せồࡿࢀࡉ㸬ࡵࡓࡢࡇ㐀

⢏⢊ࡣ㸪┤ᚄᩘ༑ȣm  㸬ࡿࢀࡉㄪᩚ࡟࠺ࡼࡿࡍ᭷ࢆࡉ◳࡞㸪㐺ᗘࡋ࿊ࢆ≦⌫ࡢ

ղホ౯ᢏ⾡  

㛤Ⓨࡓࢀࡉᮦᩱࡢᇶᮏⓗ࡞ᛶ㉁ࢆ J IS Ỉࡕᣢ∦ࡢ㸪⬤ᛶᮦᩱࡋᐃ ࡚ࡋᣐ‽࡟

ᖹᨭᣢ㸪ࡧࡼ࠾⇕⾪ᧁࡢ⦆࿴᪉ἲࡸ⭉㣗ᛶ㞺ᅖẼ࡛౑⏝ࡢࡵࡓࡿࡍタィ࡟ᚲせ

ࣈ࣮ࣗࢳࢺࣥ࢔ࢪ㸬ࣛࡿ࠶࡛⾡ホ౯ᢏࡿࡼ࡟࡝࡞ゎᯒ್ᩘࡿࡍ࡜ Ỉࡕᣢ∦ࡢ*

ᖹᨭᣢࡿࡼ࡟Ⓨ⏕ᛂຊ࡜㸪ᾐₕ⟶ **࣒ࢸࢫࢩࢺࢵࢿࣂ࢖ࢧࡣຊᛂ⇕ࡢഐ㏆㠃‮

ओỗ⏝᭷㝈せ⣲ἲ࣒ࣛࢢࣟࣉࢻ࣮ࢥ ANSYS Ver.5.5 ࡟㸪⇕஺᥮ჾࡋ⟭ィࡾࡼ࡟

⟶⇕ఏࡿࡅ࠾ ࡣ࡚ࡋ㛵࡟⇕ఏࡢ࡜ὶయ࡜*** CD-adapco 〇 3 ḟඖ⇕ὶయゎᯒࢯ

࢔࢙࢘ࢺࣇ  STAR-CD 㸬ࡿࡍ⟭ィ࡚࠸⏝ࢆ  

ճᛂ⏝ᢏ⾡  

〇㐀ࡓࢀࡉ኱ᆺᵓ㐀㒊ᮦࡢᐇドヨ㦂ࡿࡼ࡟ᛶ⬟☜ㄆࡸᮦᩱຎ໬ࡢ࡝࡞ၥ㢟Ⅼ

㸬SSiCࡿ࠶࡛⾡ᛂ⏝ᢏࡢࡵࡓࡿࡏࡉᐇ⏝໬࡚ࡋ࡟࠿ࡽ᫂ࢆ ኱ᆺᵓ㐀㒊ᮦࡿࡼ࡟

ᐇᶵヨ㦂ࡣ๓౛࠸࡞ࡢヨ㦂࡛ࡽ࠿࡜ࡇࡿ࠶㸪஦ᨾⓎ⏕࡟࠺ࡼ࠸࡞ࡢ⣽ᚰࡢὀព

㸬ࡿࢀࡉ࡞࡚ࡗࡶࢆ  
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1.2 ᮏ◊✲ࡢ┠ⓗ  

ᮏ◊✲࡛ᐇ⏝໬ࢆ┠ᣦࡍຎᝏ࡞⎔ቃୗ࡛౑⏝ࡿࢀࡉ⏝㏵ࡣ㸪㧗 ᨺᑕຍ⇕⏝ࣛ

ࣈ࣮ࣗࢳࢺࣥ࢔ࢪ ( 2 )㸪⁐⼥ள㖄 ₕࡪ࡝) ࡁࡗࡵ( ( 3 )⏝ᾐₕ⟶㸪ᗫᲠ≀↝༷⅔⇕஺᥮

ჾ⏝ఏ⇕⟶࡛ࡿ࠶㸬ᚑ᮶ᢏ⾡ࡿࡼ࡟ᮦᩱ࡛ࡿ࠶⪏⇕㗪㗰〇ࣛࡣࣈ࣮ࣗࢳࢺࣥ࢔ࢪ㸪

㧗 ࡢⅆ⅖ࡾࡼ࡟᭤ࡾࡀ㸪๭ࡢ࡝࡞ࢀຎ໬ࡀ᪩ࡵࡓ࠸㛗ᑑ࿨ᮦᩱࡢ〇ရࡀᮃࢀࡲ

⇕ຍࢆᾎࡁࡗࡵ኱ᆺ⁐⼥ள㖄࠸ࡁ኱ࡢࡉ῝ࡵࡓ࠸పࡀᙉᗘࡣ⟶㸬⪏ⅆ≀㉁ᾐₕࡿ

ᢚไࢆ㧗 ⭉㣗ࡣ㧗 ⇕஺᥮ჾࡢ⅔༷↝㸬࠸ࡋ㞴ࡀ〇㐀ࡢ⟶኱ᆺᾐₕࡢࡵࡓࡿࡍ

Ỉ෭ቨᵓ㐀ࡣ࠸ࡿ࠶⟶Ỉࡓࡋ᪋ᕤࢆ≀ⅆ⪏ࣝࣈࢱࢫࣕ࢟ࡵࡓࡿࡍ ( 4 ⇕㸪ࡀࡿ࠶࡛(

ຠ⋡ࡀⰋ࠸࡞ࡃ㸬ࡓࡲప ᇦ࡛ࡢ⇕ᅇ཰ࡣ㸪ᵓ㐀ᮦࡀ㓟㟢Ⅼ⭉㣗ࡵࡓࡿࢀࡉᮏ᱁

ⓗ࡟ᐇ᪋ࡿ࠸࡚ࢀࡉ౛ࡿ࠶࡛≦⌧ࡀ࡜ࡇ࠸࡞࡝ࢇ࡜࡯ࡣ㸬  

୍᪉㸪SSiC ኱ᆺᵓ㐀㒊ᮦࡣ㔠ᒓᮦᩱ࡜⇕⭾ᙇ⋡ࡾ࡞␗ࡀ㸪ᶵᲔⓗࡧࡼ࠾⇕ⓗ⾪

ᧁ࡟ᑐࡿࡍ⪏ᛶࡢᑠ࠸ࡉ⬤ᛶᮦᩱ࡛ࡾ࠶㸪᥋ྜࡸຍᕤࡀᐜ࡛᫆ࡽ࠿࡜ࡇ࠸࡞ࡣ᪤

Ꮡࡢ኱ᆺ࡛」㞧ᙧ≧ࡢ㔠ᒓ㒊ᮦࡁ⨨࡟᥮ࡿࢃᙧ࡛኱つᶍ࡞ᕤᴗタഛ࡟㐺⏝ࡏࡉ

㸬ࡿࡍ᭷ࢆᡤ▷ࡢ࡝࡞ࡿ࠶ࡀ⏺㝈ࡣ࡟ࡿ  

࡟ᕤᴗタഛࡿࡍ㸪ຎᝏ⎔ቃୗ࡛✌ാ࡚࠸࠾࡟ᬒ⫼࡞࠺ࡼࡢࡇ SSiC ኱ᆺᵓ㐀㒊ᮦ

▱ࡿࡍ㛵࡟௳౑⏝᮲ࡸ౑⏝᪉ἲࡧࡼ࠾㸪࡜ࡇ࠸࡞࡝ࢇ࡜࡯ࡀሗ࿌࡞ලయⓗࡓ࠸⏝ࢆ

ぢࡀஈࡽ࠿࡜ࡇ࠸ࡋ㸪ᮏ◊✲ࡣ SSiC ኱ᆺᵓ㐀㒊ᮦࢆຎᝏ࡞⎔ቃୗ࡛౑⏝ࡿࢀࡉᕤ

ᴗ㒊ᮦ࡚ࡋ࡜ᐇ⏝໬ࡢ࡛ୖࡿࡍၥ㢟ࡋ࡟࠿ࡽ᫂ࢆ㸪ᮦᩱࡢ㧗ᛶ⬟໬ࢆᅗࡾ㸪ຎᝏ࡞

㞺ᅖẼୗ࡛ࡶᏳ඲࡟౑⏝ࡿࡍ᪉ἲࡢ㛤Ⓨࢆ┠ⓗࡓࡋ࡜㸬   
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ᵓᡂࡢ✲◊ 1.3  

࡟ࡵࡌࡣ㸪ࡣᵓᡂࡢ✲◊ SSiC 㸪SSiCࡋ࡟࠿ࡽ᫂ࢆ࠸㐪ࡢ࡜⣲ᮦᩱ࠸ࡅⅣ໬ࡢ௚࡜

ᮦᩱࡢ㛤Ⓨ㐣⛬࡛ࡢၥ㢟Ⅼ㸪ࡧࡼ࠾ᐇ⏝໬ࢆ┠ᣦࡓࡋ⏝㏵࡛ࡢၥ㢟ⅬࢆゎỴࡿࡍ㸬

⏝㏵ู࡛ࡣ㸪➨୍࡟㧗 ⅔ࡿࡅ࠾࡟ᨺᑕຍ⇕⏝ࣛࡢ࡬ࣈ࣮ࣗࢳࢺࣥ࢔ࢪ㐺⏝ࢆヨࡳ

ࡣ㸪ᕷሙ࡛ࡽ࠿࡜ࡇ࠸▷ࡀ〇ရᑑ࿨ࡾࡼ࡟ᾐⅣࡸኚᙧࡢ࡛ 㧗ࡣ㔠ᒓ〇ࡢ㸬ᚑ᮶ࡿ

᪂࡞ࡓᮦᩱࡀồࡿ࠸࡚ࢀࡽࡵ㸬ࡵࡓࡢࡇ SSiC ᮦᩱࡢᶵᲔⓗᛶ㉁ࡢ ᐃ㸪ⅆ⅖࡟ᑐ

㸪ᩘ࡚ࡋ࡟࠿ࡽ᫂ࢆ㓟໬ᛶ㸪⪏⇕⾪ᧁᛶ⪏ࡿࡍ ್ィ⟬ࢪࣥࣛࣇࡾࡼ࡟ᙧ≧ࢆỴᐃࡋ㸪

∦ᣢࡕỈᖹᨭᣢࡿࡼ࡟኱ᆺࣛࢆࣈ࣮ࣗࢳࢺࣥ࢔ࢪᐇ⏝໬ࡿࡍ㸬  

➨஧࡟⁐⼥ள㖄ࡢ⅔ࡁࡗࡵຍ⇕⏝ᾐₕ⟶ࡣ࡟Ⅳ໬࠸ࡅ⣲࡜Ⅳ⣲ࢆ୺ᡂศࡿࡍ࡜

⪏ⅆ≀㉁ࡀ౑⏝ࡀࡿ࠸࡚ࢀࡉ㸪ⅆ⅖ࡿࡼ࡟㓟໬ຎ໬ࡃࡋ⃭ࡀ〇ရᑑ࿨࡟࠿࡯࠸▷ࡀ㸪

ᴗ⏺ࡢせồࡿࡍ኱ᆺᾐₕ⟶ࡢ〇㐀ࡣᙉᗘࡀᑠࡽ࠿࡜ࡇ࠸ࡉᅔ㞴࡛ࡿ࠶ၥ㢟ࡗ࠶ࡀ

ࡵࡓࡢࡇ㸬ࡓ SSiC ᾐₕ⟶㸪ࡋ࡟࠿ࡽ᫂ࢆ㢟ၥᧁ⾪⇕ࡿࡍ⏕Ⓨ࡟⟶ₕᾐ࡛ഐ㏆㠃‮ࡢ

ᑐ⟇࡚ࡋ࡜ᾐₕ⟶ෆ㠃ࢆ⟃⇕᩿࡟タ⨨ࡋ㸪Ⓨ⏕ࡿࡍᛂຊ༙ࢆῶࡾࡼ࡟࡜ࡇࡿࡏࡉ

SSiC ኱ᆺᾐₕ⟶ ( 5 ࢼ࣮ࣂࣈ࢕ࢸ࢖ࣞࢿ࢙ࢪࣜࡣヨ㦂࡛ࡢࡇ㸬ࡿࡍᐇ⏝໬ࢆ( ( 6 ࡿࡼ࡟(

㸬ࡿࡍᰝㄪࡶࢆᛶ㣗⪏ࡿࡼ࡟‮⁐㸪࡜ᙳ㡪ࡢᧁ⾪⇕ࡋ㏉ࡾ⧞  

 㧗ࡴྵࢆ㣗ᡂศ⭉ࡣ⟶㔠ᒓ〇Ỉࡢ≦⌧㸪ࡣᅇ཰࡛⇕ࡢࡽ࠿⅔༷↝≀ᗫᲠ࡟୕➨

᤼࢞ࡿࡼ࡟ࢫ⭉㣗ࢆᅇ㑊ࡵࡓࡿࡍ⪏ⅆ≀࢟ࣕࢆࣝࣈࢱࢫ᪋ᕤ࠿ࡿࡍ㸪ࡣ࠸ࡿ࠶⪏ⅆ

≀⅔ቨ࡟ᇙタࡿࢀࡉᵓ㐀࡛ࡵࡓࡿ࠶⇕ຠ⋡ࡀຎࡿ㸬࡟ࢀࡇᑐ࡚ࡋ SSiC ఏ⇕⟶ࢆᐇ

ᶵࡢ㧗 ᤼࢞࡟ࢫᭀ㟢࡚ࡏࡉᏳᐃࡓࡋ⇕஺᥮ヨ㦂ࡋࢆ㸪㓟㟢Ⅼᇦ࡛ࡣ⭉㣗࠸࡞ࢀࡉ

㸪ࡋ࡟࠿ࡽ᫂ࢆ࡜ࡇ  SSiC ኱ᆺఏ⇕⟶ࢆ㧗 ᇦ㸪ࡧࡼ࠾ప ᇦ࡛ࡢ⇕஺᥮ჾ ( 7 㐺࡟(

ప ᇦࡧࡼ࠾஺᥮㸪⇕ࡢẼ✵࡜ࢫ㧗 ᤼࢞ࡣ࡚࠸࠾࡟㸬㧗 ᇦࡿࡳヨࢆ࡜ࡇࡿࡍ⏝

ࡼ࡟⟭ィ್ᩘࡓ࠸⏝ࢆࢱ࣮ࢹࡓࢀࡽ㸬ᚓࡿࡍࢆ஺᥮ヨ㦂⇕ࡢ࡜Ỉ࡜㣬࿴Ỉ⵨Ẽࡣ࡛

㝖ཤࡢ⅊ࡓࡋ╔௜࡟⟶⇕ఏ࡟㸬ྠ᫬ࡍ♧ࢆᐇ⏝໬ࡢ⟶⇕኱ᆺఏ࡚ࡋㄆ☜ࢆᏳ඲ᛶࡾ

᪉ἲࢺࢫࣛࣈࢻࣥࢧ࡚ࡋ࡜ 㸬ࡿࡍࢆヨ㦂ࡿࡼ࡟*  
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1.4  SSiC ࡣ࡜  

 Ⅳ໬࠸ࡅ⣲ (  SiC )ࡢ≧ែᅗࢆ Fig.1.1 㸪1ࡣ⣲࠸ࡅ㸬Ⅳ໬ࡓࡋ♧࡟ ⣲࠸ࡅࡢࣝࣔ

࡜ 1 㸪ࡾ࠶࡛≀໬ྜࡢ࡜Ⅳ⣲ࡢࣝࣔ 2800Υ௨ୖࡢ ᗘ࡛᪼⳹ࡿࡍ≀㉁࡛ࡿ࠶㸬

R.T.Dolloff
( 8 ࡸ( D.R.Secris t

( 9 ⣙࡜ࡿࡼ࡟( 2800K㸪ࡓࡲ S.Kawanishi
( 1 0 ⣙࡜ࡿࡼ࡟ࡽ(

3100K ࡛ศゎࡿࡍ㖔≀࡛࡜ࡿ࠶ሗ࿌ࡿ࠸࡚ࢀࡉ㸬ᕤᴗⓗࡣ࡟㸪࠸ࡅ⣲࡜Ⅳ⣲ࢆ࡜

ΰྜࣥࢯࢳ࢔࡚ࡋ⅔ ( 11 ) ( 1 2 )࡛Ⅳ໬࠸ࡅ⣲ྜ࡚ࡋ࡜ࢺࢵࢦࣥ࢖ᡂࡿࢀࡉ㸬 SSiC ኱ᆺ

ᵓ㐀㒊ᮦࡢ〇㐀ࡿࢀࡽ࠸⏝࡟ཎᩱ⢊ࡣ㸪Ⅳ໬࠸ࡅ⣲࡟ࣥࣟࢡ࣑ࣈࢧࢆࢺࢵࢦࣥ࢖

⢊○࡚ࡋ౪⤥ࡿࢀࡉ㸬Ⅳ໬࠸ࡅ⣲ࡣ㞴↝⤖ᛶࡢᛶ㉁ࢆ᭷ࡵࡓࡿࡍ㸪ศゎ࡟ࡎࡏࡉ

⦓ᐦ࡞↝⤖యࢆ〇㐀ࡣ࡟ࡿࡍ㧗 㧗ᅽୗ࡛↝⤖ࡿࡍ᪉ἲࡢ௚࡟㸪ࡢࣥࣟࢡ࣑ࣈࢧ

Ⅳ໬࠸ࡅ⣲⢊࡟↝⤖ຓᮦ࠺࡯ࡸ࣒࢘ࢽ࣑ࣝ࢔࡚ࡋ࡜⣲㸪ࡧࡼ࠾Ⅳ⣲ࢆῧຍࡓࡋ㖔

≀⤌ᡂ࡛㸪ᖖᅽࡢ㠀㓟໬㞺ᅖẼୗ⣙ 2300K ࡿ࠸࡚ࢀࡽ▱ࡀ⾡ᢏࡿࡍ⤖↝࡛ ( 1 3 )㹼 ( 1 5 )㸬 

Ⅳ໬࠸ࡅ⣲ࡣ㸪ᩘࢡ࣮ࣛࢡ Ⅳࡿࡁ࡛ࡢ࡜ࡇࡿᚓࡽ࠿≀㸪᭷ᶵ࡜⣲࠸ࡅࡢ25.8%

⣲ࢆᡂศࡽ࠿࡜ࡇࡿࡍ࡜㸪ኳ↛㈨※ࡢஈࡀࢃ࠸ࡋᅜ࡛ᕤᴗⓗ࡟㔞⏘࡛ྍࡿࡁ⬟ᛶ

㸬ࡿ࠶ᮦᩱ࡛ࡿ࠶ࡢ   
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                  R . T. D o l lo ff
( 8 )
㸪 “R e s e a r ch  s tu d y  to  d e t e r mi n e  th e  p h a s e   

eq u i l i b r iu m r e l a t i o n s  o f  s e l e c t ed  me t a l  c a rb id e s  a t  h i gh   

t e mp e r a tu r e s ” ,  Wr i g h t  a i r  d e v e l o p me n t  d i v i s io n  t e c h n i c a l   

r ep o r t㸪 6 0 -1 4 3 ( 1 9 6 0 ) .  

                    

Fig.1.1 Si -C phase diagram.  
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1.5 ୺࡞〇㐀ᕤ⛬  

SSiC ኱ᆺᵓ㐀㒊ᮦࡣ㸪CIP ᡂᙧᚋ㸪ᖖᅽࡢ୙άᛶ㞺ᅖẼୗ⣙ 2300㹼 2400K ࡛↝

㸬ࡿࢀࡉ〇㐀࡚ࡋ⤖ Fig.1.2 ࡟ SSiC ኱ᆺᵓ㐀㒊ᮦࡢᴫ␎〇㐀ᕤ⛬ᅗࡓࡋ♧ࢆ㸬࢓ࣇ

ࡢ✲◊㸪ᮏࡀࡿ࠶ᚲせ࡛ࡀ⾡ᢏࡢࠎ✀࡟⛬ᕤྛࡣ〇㐀࡛ࡢࢫࢡࢵ࣑ࣛࢭࣥ࢖ SSiC

኱ᆺᵓ㐀㒊ᮦࡢ〇㐀࡟㛵ࡢ⪅➹ࡣ࡚ࡋᡤᒓࡓࡋᕤሙ࡛ࡢ〇㐀ᢏ⾡ࡀ࡝࡞ཧ⪃ࡉ࡟

㸬ࡓࢀ  

㸪ࡀࡿ࠶ཎᩱ⢊࡛ࡎࡲ Fig.1.3 ᇼሙ〇సᡤ࡟  LA920 ග㏱㐣ᘧ⢏ᗘศᕸ ᐃჾ࡛ 

ᐃࡓࡋⅣ໬࠸ࡅ⣲ཎᩱ⢊ࡢ⢏ᗘศᕸ୍ࡢ౛ࡓࡋ♧ࢆ㸬࣓ࣥ࢔࢕ࢹᚄ d5 0 ⣙ࡣ 0.98 

ȣm ࡰ࡯ࡣ࡛✲◊㸪ᮏࡾ࠶㔜せ࡛ࡣ⌮⟶ࡢ✚ẚ⾲㠃ࡢཎᩱ⢊࡟௚ࡢࡇ㸬ࡿ࠶࡛ 10

㹼 15m
2
/g ࡛ࣖ࢖ࣛࢻ࣮ࣞࣉࢫᚋ㸪ࡓࡋ㸪‵ᘧΰྜࡋ㓄ྜࢆຓᮦ⤖↝࡟ࢀࡇ㸬ࡿ࠶࡛

஝⇱ࡿࡍ㸬 Fig.1.4 ࡟ CIP ᡂᙧ࡟౪ࡿࡼ࡟ࣖ࢖ࣛࢻ࣮ࣞࣉࢫࡿࡍ஧ḟ⢏Ꮚ࡛ࡿ࠶஝

⇱㸪㐀⢏⢊ࡓࡋ♧ࢆ㸬㐀⢏⢊ࡣ㸪┤ᚄᩘ༑ȣm 㛗ࡸ㸬ⷧ⫗㸪኱ᆺရࡿࡍ࿊ࢆ≦⌫ࡢ

ᑻ〇ရࡢᡂᙧࡣ㸪ᡂᙧᆺෆ࠸⊂ࡢ✵㛫࡟㐀⢏⢊ࢆ඘ሸࡵࡓࡿࡍ㸪ὶືᛶࡢⰋ࠸㐺ᗘ

ᙳ࡟ᡂᙧయᐦᗘࡣศ‵ࡢ㸬㐀⢏⢊ࡿ࠶ࡀᚲせࡿࡍㄪᩚࢆ⢊యࡿࡍ᭷ࢆࡉ◳࡜ศ‵࡞

㡪ࡿࡍ㸬Fig.1.5 ࢀࡉ㸬ᕤᴗ໬ࡿࢀࡽࡵㄆࡀ≦ᙧࡢ㸬㐀⢏⢊ࡓࡋ♧ࢆ㠃⾲ࡢయ⤖↝࡟

ࢺࢫࣕ࢟ࣉࢵࣜࢫࡸᡂᙧࡋฟࡋ㍈ᡂᙧἲ㸪ᢲ୍ࡣ࡟ᡂᙧ᪉ἲࡢ௚ࡢᐊ ୗ࡛ࡿ࠸࡚

ᡂᙧἲ ( 1 6 ࡸࡾ࡞࡟ᆒ୍ࡀᡂᙧయᐦᗘࡣ࡟ࡿࡍ〇㐀ࢆ㸪⫗ⷧ኱ᆺ㒊ᮦࡀࡿ࠶ࡀ࡝࡞(

࠸ࡍ CIP ᡂᙧἲࡀ᭷฼࡛ࡿ࠶㸬CIP ⣙ࡣ⋠⦰཰⥺ࡢ᫬⤖↝ࡢ኱ᆺᡂᙧయࡿࡼ࡟ 17%

⣙ࡣ✚యࡢ㸪↝⤖ᚋࡾ࠶࡛ ࢀ࠶୙ᆒ୍࡛ࡀ㸪ᡂᙧయᐦᗘࡽ࠿࡜ࡇࡿ࡞ࡃࡉᑠ࡟57%

㸬ࡿ࡞ࡃ᫆ࡋ⏕Ⓨࢆ୙ලྜࡢ࡝࡞ࢀ๭ࡸᕤ⛬࡛ኚᙧ⤖↝ࡤ   

CIP ᡂᙧࡿࡼ࡟኱ᆺ㒊ᮦࡢ㛤Ⓨࡣ࡟㸪➹⪅ࡀ 1972 ᖺ࡟㛤Ⓨࡓࡋᑍἲ⣙ȭ 100ェȭ

70ェ1000mm,ࢪࣥࣛࣇ┤ᚄ 150mm ࣝࢬࣀ〇㗰⏝㐃⥆㗪㐀஧ᒙᘧᾐₕࡿ࠶࡛ ( 1 7 ᡂࡢ(

ᙧᢏ⾡ࢆཧ⪃ࡓࡋ࡟㸬Fig.1.6 㸬ᾐࡓࡋ♧ࢆ␎ᴫࡢࣝࢬࣀ஧ᒙᘧᾐₕࡓࢀࡉᐇ⏝໬࡟

ₕࣝࢬࣀᮏయ࡜ࢼ࣑ࣝ࢔ࡣኳ↛㯮㖄ࢆ୺ᡂศࡋ࡜㸪୍➃ࢪࣥࣛࣇࡣᙧ≧࡛ࡾ࠶㸪௚

ࡿࡍ᭷ࢆᏍࡢᕥྑ᪉ྥࡢࡵࡓࡿࡍฟྤ࡟㗪ᆺࢆ㗰ὶ⁐࡟ඛ➃௜㏆ࡓࢀࡽࡌᑒࡢ➃

ᙧ≧࡛ࡿ࠶㸬౑⏝ึࡽ࠿ࣗࢩࢵࢹࣥࢱࡣ࡟ࡵὶୗࡿࡍ⁐㗰ࡾࡼ࡟⫗ཌࡢෆእ㠃㛫࡟

 ᗘᕪ 1200K ⣙ࡢ඲㛗ࡣ㸬ᐃᖖ㐠㌿᫬ࡿࡅཷࢆᧁ⾪⇕ࡿ࠼㉸ࢆ 1/3 㗰⁐ࡢ㗪ᆺෆࡀ

ࡢࡇ㸪ࡵࡓࡿࡌ⏕ࢆᦆ⁐࡞㠃࡛ᒁ㒊ⓗ⏺ࡢ࡜㗰⁐࡜ࢢࣛࢫ⼥⁐㸪ࡀࡿࢀࡉᾐₕ࡟  

㒊ศ࡟ᮏయࡿ࡞␗࡜ᡂศ࡛࣭࢔ࢽࢥࣝࢪࡿ࠶㯮㖄㉁ࡢᒙࡀ CIP ୍࡛యᡂᆺࡓࢀࡉ㸬  

↝⤖᪉ἲࡣ࡟㸪↝⤖యࡢಙ㢗ᛶࢆ㧗࡟ࡵࡓࡿࡵຍᅽᡂᙧྠ࡜᫬ࣉࢺࢵ࣍ࡿࡍ⤖↝࡟

ࡸἲࢫࣞ HIP ἲ ( 1 6 ࡀ㸪↝⤖ ᗘࡀࡿ࠶ࡣ⾡ᢏࡢ࡝࡞( 2300㹼 2400K ࣇࡘ࠿㸪ࡋ㐩࡟



8 

 

ᚄȭ┤ࢪࣥࣛ 250ェ㛗ࡉ 2300mm 㸪᢬ᢠࡣ࡟ࡿࡍ⏘⏕࡟ᕤᴗⓗࢆ኱ᆺ↝⤖యࡿ࠶࡛

ຍ⇕ࡿࡼ࡟㟁Ẽ⅔ࡓ࠸⏝ࢆᖖᅽ↝⤖ἲࡀప࡛ࢺࢫࢥ〇㐀࡛ࡿࡁᢏ⾡࡛ࡿ࠶㸬↝⤖ᢏ

⣙ࡀᗘ ࡣ࡟タィࡢࡑ㸪ࡀࡿ࠶タഛ࡛࡞㔜せࡶ᭱ࡣ⅔⤖↝㸪ࡣ࡛⾡ 2700K ࡅⅣ໬ࡢ

⣲Ⓨ⇕య↝ᡂ⅔㸪⣙࠸ 3300K ཧࡀ⾡ᢏࡢ࡝࡞⅔⼥⁐ࡢ▼Ỉᬗ㖔࡟ࢀࡑ㯮㖄໬⅔㸪ࡢ

㸬ࡓࢀࡉ࡟⪄  

 

 

 

Fig.1.2 Manufacturing process  of SSiC.  

ĮSiC powder + Carbon + Boron ( or Aluminum compound) 
䊼

Mixing 

䊼

Drying / Granulation

䊼

Compacting (CIP)

䊼

Rough machining

䊼

Sintering (Inert gas/2300K)

䊼

Machining (Diamond tool)

䊼

Delivery inspection

䊼

Packing

䊼

Send out
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                                     100ȝm 

Fig.1.4 SEM image of granulated s i l icon carbide particles of  spray-dryer  for  CIP.  

 

7

Fig.1.3 Distribution of particle size of SSiC primary materials 
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Fig.1.3 Powder d ist r ibut ion of  SSiC material .  

 

Diameter  of  par t i c les  (ȝm)  
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Fig.1.5 SEM image of surface of as  s intered  SSiC.  

 

    Fig.1.6 Double-layer  immersion nozzle on continuous -cont inuous cast ing of s teel .   

 

 

                    Ladle     

 

      

Tundish

Water cooled mold

Slag powder

Molten steel

 

 

Double-layer  immersion nozzle  

Alumina-Graphi te  

Zirconia-Graphi te 

Molten steel  

Tundish  

Slag powder  

Water  cooled mold 
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1.6 ᚑ᮶࡜✲◊ࡢἢ㠉  

1.6 .1 ኱ᆺ㧗 㒊ᮦࡢ࡚ࡋ࡜ SSiC ᮦᩱ  

࡝࡞ྜ⤖⢏⏺㸪ࡢཎᩱ⢊ࣥࣟࢡ࣑ࣈࢧࡓࢀࡉ⢭〇ࡣᮦᩱࢫࢡࢵ࣑ࣛࢭࣥ࢖࢓ࣇ

ᚤ⣽⤌⧊ࢆไᚚ࡚ࡋ〇㐀ࡿࢀࡉ㸬ࡢࡑ↝⤖యࡢᛶ㉁ࡣ㧗ᶵ⬟ᛶࢆ᭷ࡋ㸪⏘ᴗᢏ⾡

 㧗ࡣ࡟㸪〇㐀᫬ࡋ♧ࢆ㞴↝⤖ᛶ࡟ᨾࡀᛶ㉁ࡓࡋ㸪Ᏻᐃࡀࡿ࠶୙ྍḞ࡛࡟Ⓨᒎࡢ

ࡿᚓࢆᛶ≉࡞ᚲせࡤࢀࡅ࡞ࡋ⤖↝࡛࡝࡞㞺ᅖẼࡓࢀࡉㄪᩚࡸ㧗 㧗ᅽࡣ࠸ࡿ࠶

࠸ከࡀሙྜ࠸࡞ࡁ࡛ࡀ࡜ࡇ ( 1 8 )㹼 ( 2 2 )㸬⦓ᐦ࡛ࡣ࡜ࡇࡿ࠶㧗ᙉᗘࢆⓎ⌧ࡏࡉ〇ရࡢ⫗

ⷧ໬ࡋ࡜⬟ྍࢆ㸪㧗 ࡛ࡢ㓟໬࡟ᑐࡣ࡚ࡋ㓟⣲ࡢᣑᩓࢆጉࡿࡆຠᯝࡿ࠶ࡀ㸬㧗࠸

⇕ఏᑟ⋡ࡣ㸪〇ရࡢᆒ୍࡞ ᗘศᕸࢆᙧᡂࡋࡃࡍࡸࡋ㸪⇕ᛂຊࡸ⇕⾪ᧁࢆ⦆࿴ࡍ

ࡿ࠶Ᏻᐃ࡛ࡀᮦᩱࡣ࡜ࡇࡿ࠶ᛶ㉁࡛ࡢ⼥⁐㞴࡚ࡋᑐ࡟ᾮ⸆࡚࠸࠾࡟㸬໬Ꮫศᯒࡿ

㸬ࡍ♧ࢆ࡜ࡇ  

ᕷሙࡢ㟂⤥㠃ࢫࢡࢵ࣑ࣛࢭࣥ࢖࢓ࣇࡽ࠿ᮦᩱࡣᶵ⬟ᮦ࡜ᵓ㐀ᮦ࡟࡜኱ูࡿࢀࡉ

ከࡀሙྜࡿࢀࡉせồ࡚ࡋ࡜኱ᆺᵓ㐀㒊ᮦࡽ࠿ᕷሙࡣᵓ㐀ᮦࡿࡍ࡜ᚲせࢆ㸪⪏⇕ᛶࡀ

࢔࡟௚ࡢ⣲࠸ࡅ㸪Ⅳ໬ࡣ࡟ᮦᩱࢫࢡࢵ࣑ࣛࢭࣥ࢖࢓ࣇ኱ᆺࡿࢀࡉ⤥౪࡟㸬ᕤᴗⓗ࠸

࠸࡚ࢀࡉ⤥౪࡟ẚ㍑ⓗᏳ౯ࡣࢼ࣑ࣝ࢔㸬ࡿ࠶ࡀ࡝࡞⣲࠸ࡅ㸪❅໬ࢺ࢖㸪࣒ࣛࢼ࣑ࣝ

㸪⪏⇕⾪ᧁ ᗘᕪԥࡀࡿ࠶ᮦᩱ࡛ࡿ Tc ࡍࡸࢀࡉᦆ◚ࡾࡼ࡟㸪ᛴ⇕ᛴ෭᧯సࡃࡉᑠࡀ

ࡵࡓ࠸ ( 2 3 )  ( 2 4 ) ᗘኚ໬ࡢ኱࠸ࡁ⏝㏵ࡣ࡟㐺࠸࡞ࡉ㸬⦓ᐦ࡞❅໬࠸ࡅ⣲࣑ࣝ࢔⼥⁐ࡣ

ᑍἲࡢᕷ㈍ရࡣㄪᰝ࡛ࡢ⪅➹㸪ࡀࡿ࠶ࡶሙྜࡿࢀࡉ⏝౑࡚ࡋ࡜⟶ຍ⇕⏝ᾐₕ࣒࢘ࢽ

ȭࡣ 150×ȭ 120×1500mm ⛬ᗘ௨ୗ࡛ࡿ࠶㸬࣒ࣛࢺ࢖ᮦᩱࡢ⅔ࢫ࣮ࣁ࣮࣮ࣛࣟࡣᦙ㏦

ȭࡿࡼ࡟ᢲฟᡂᙧἲ࡚ࡋ࡜࣮ࣛࣟ 50ェ3000mm ⛬ᗘࡀࡢࡶࡢ౑⏝ࡀࡿ࠸࡚ࢀࡉ㸪ᑒ

㸬࠸࡞ࡽࡓぢᙜࡣ኱ᆺ㒊ᮦ࡞ᐦ⦔ࡢ≦ᙧࡿࡍ᭷ࢆࢪࣥࣛࣇࡸ➃ࡌ   

ࡢ࡛✲◊㸪ᮏ࡚ࡋᑐ࡟ࢀࡇ SiC ᮦᩱࡣ኱ᆺ㒊ᮦࡢᏳᐃ〇㐀ࡿ࠶࡛⬟ྍࡀ㸬ᶵᲔⓗ

ᛶ㉁࡛ࡣ㍍࡚ࡃ㧗ᙉᗘ࡛ࡀ࡜ࡇࡿ࠶኱ᆺ㒊ᮦࢆ࠸ᢅࡾྲྀࡢ࡚ࡋ࡜ᐜ᫆ࡿࡍ࡟㸬⪏㓟

໬ᛶࡸ⪏⇕⾪ᧁᛶ࡟ඃࢀ㸪ᨺᑕ⋡ࡢ㧗࠸ᛶ㉁ࡣ㛫᥋ຍ⇕࡟࡝࡞※⇕ࡢ㐺ࡿࡍ㸬  

ࣥ࢖࢓ࣇ㸪࡟࡜ࡶࢆ⦼ᐇࡓࡋ㛤Ⓨࢆࣝࢬࣀ㐃⥆㗪㐀⏝஧ᒙᘧᾐₕࡣ⪅➹ࡵࡓࡢࡇ

࠸࡞࠸࡚ࡋ❧☜ࡀㄆ㆑ࡢᕷሙࡿࡍᑐ࡟ࢫࢡࢵ࣑ࣛࢭ 1987 ᖺ࡟ SSiC ᮦᩱࡿࡼ࡟ᑍ

ἲȭ 90×ȭ 76×1250mm㸪㔜㔞⣙ 7.5kg ࢆࣈ࣮ࣗࢳࢺࣥ࢔ࢪᆺࣛࢻ࢚ࣥࣝࢢࣥࢩࡢ

㛤Ⓨࡓࡋ㸬Fig.1.7 ࡟ᶍᘧᅗࡓࡋ♧ࢆ㸬ෆ⟶㸪እ⟶ࡀ SSiC ᮦᩱ࡛〇㐀ࢀࡉ㸪㔠ᒓ

〇࡟ẚ࡭⪏⇕ᛶࡀ㧗ࡃ㸪〇ရᑑ࿨ࡢ㛗࠸≉ᚩࡿ࠶ࡀ㸬ࡢࡇᑍἲࡣ㸪ᙜ᫬ࡢ♫఍࡟

㸪ᙜ᫬࡚ࡋᑐ࡟࡜ࡇࡓࡗ࠶ᑠᆺ㍍㔞໬࡛ࡓࡋ㔜どࢆᶵ⬟ᛶࡀᮦᩱ㛤Ⓨືྥࡿࡅ࠾

ȭ࡟ࡽࡉࡣ࡛✲◊㸬ᮏࡓࡗ࠶኱ᆺ㒊ᮦ࡛ࡣ࡚ࡋ࡜ 220×ȭ 200×2300mm㸪ȭ 310×ȭ
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280×1000mm㸪㔜㔞⣙ 48kg ቃ⎔࡞ຎᝏࢀࡒࢀࡑ㸪ࡋ㛤Ⓨࢆ኱ᆺ㒊ᮦࡢⷧ⫗ࡢ࡝࡞

ୗ࡛౑⏝ࡿ࡞␗ࡿࢀࡉ⏝㏵࡛ࡿ࠶㧗 ࡢᨺᑕຍ⇕※㸪⁐⼥ள㖄ຍ⇕⏝ᾐₕ⟶㸪ᗫ

Რ≀↝༷⅔ࡢ⇕஺᥮ჾఏ⇕⟶ࡢ࡬ᐇ⏝໬ࢆヨࡓࡳ㸬   

ຎᝏ࡞⎔ቃୗ࡛౑⏝ࡿࢀࡉලయⓗ࡞㒊ᮦࡣ㸪➨୍࡟ᨺᑕຍ⇕⏝࣮ࣛࣗࢳࢺࣥ࢔ࢪ  

㸬ࡿ࠶࡛⟶⇕ᗫᲠ≀↝༷⅔⇕஺᥮ჾఏ࡟୕➨ᾐₕ⟶㸪⏝ࡁࡗࡵள㖄⼥⁐࡟㸪➨஧ࣈ

㸪ࡀࡓࡁ࡚ࢀࡉ⏝౑ࡀ㧗 ᇦ࡛⪏⇕㗪㗰ᮦ࠸㏆࡟⏺㸪ᚑ᮶㝈ࡣࣈ࣮ࣗࢳࢺࣥ࢔ࢪࣛ

㧗 ࣉ࣮ࣜࢡኚᙧࡸ๭ࡢ࡝࡞ࢀၥ㢟ࡓࡗ࠶ࡀ㸬ᕷሙ࡛ࡣᖜࡀ⣙ 2m ⇕ࡢ࡝࡞㗰ᯈࡢ

ฎ⌮ࢆ㧗㏿໬ࡿࡍᚲせࡽ࠿࡝࡞㸪࡟ࡽࡉ⅔ෆ ᗘࢆ㧗ࡿࡍࡃせồࡓࡗ࠶ࡀ㸬ᾐₕ⟶

ࡢ㸪ᚑ᮶ࡀࡿ࠶ࡣ㟂せࡢ〇ရࡁࡗࡵ኱ᆺࡢ࡝࡞࣮ࣝࣞࢻ㧗㏿㐨㊰࣮࢞ࡽ࠿ᕷሙࡣ࡟

⪏ⅆ≀㉁ᾐₕ⟶ࡣᙉᗘࡀᑠࡵࡓ࠸ࡉ኱ᆺ໬ࡾࡼ࡟ᑐᛂࡓࡗ࠿࡞ࡁ࡛ࡣ࡜ࡇࡿࡍ㸬ᚑ

᮶㧗 ᇦ࡛౑⏝ࡿࢀࡉ↝༷⅔⇕஺᥮ჾఏ⇕⟶ࡣ≦⌧ࡢ㸪⭉㣗ᡂศࡴྵࢆ㧗 ᤼࢞ࢫ

⪏ࡣ࠸ࡿ࠶㔠ᒓ〇Ỉ⟶㸪ࡓࡋ᪋ᕤࢆ≀ⅆ⪏ࣝࣈࢱࢫࣕ࢟ࡵࡓࡿࡍᅇ㑊ࢆ㣗⭉ࡿࡼ࡟

ⅆ≀⅔ቨ࡟ᇙタࡓࢀࡉỈ⟶ᵓ㐀࡛ࡵࡓࡿ࠶⇕ຠ⋡ࡀຎࡿ㸬ప ᤼࢞ࡣࡽ࠿ࢫタഛࡢ

㓟㟢Ⅼ⭉㣗㸪⇕ຠ⋡ࡢᝏࡽ࠿ࡉ⇕ᅇ཰ࡲࡲࡢࡑࡃ࡞࡜ࡇࡿࢀࡉᗫᲠࡿ࠸࡚ࢀࡉ㸬ࡋ

ᮦࡿ࠼⪏࡟ప ⭉㣗ࡧࡼ࠾㧗 ⭉㣗ࡽ࠿Ⅼࡢ⏝᭷ຠ฼ࡢࢠࣝࢿ࢚ࡢ᫖௒࡚ࡗࡀࡓ

ᩱࡀồࡓࢀࡽࡵ㸬  

୍᪉㸪 SSiC ኱つᶍタࡢ᪤Ꮡ࡟ࡽࡉ㸪ࡾ࠶ᛶᮦᩱ࡛⬤࠸ᙅ࡟ᶵᲔⓗ㸪⇕ⓗ⾪ᧁࡣ

ഛࡲࡲࡢࡑ࡟タ⨨࡛ࡿࡁ」㞧࡞኱ᆺᵓ㐀㒊ᮦࡢ〇㐀࠸࡞ࡁ࡛ࡀ▷ᡤࡿ࠶ࡀ㸬࡛ࡇࡑ

ᮏ◊✲ࡣ〇㐀ྍ⬟࡞኱ᆺ㒊ᮦ࡚࠸⏝ࢆ㸪ࣛ Ỉᖹᨭᣢ࡛ࡕᣢ∦ࡣ࡛ࣈ࣮ࣗࢳࢺࣥ࢔ࢪ

౑⏝ࢪࣥࣛࣇࡢࡵࡓࡿࡍᙉᗘၥ㢟ࢆ࡝࡞ゎỴࡋ㸪ᾐₕ⟶࡛ࡣ⁐⼥㔠ᒓࡿࡼ࡟ᛴ⇕ᛴ

෭ࢆ㑊ࡅ  ( 2 5 )㸪᩿⇕⟄ࡢタ⨨࡝࡞㢟ၥᧁ⾪⇕ࡿࡍ⏕Ⓨ࡟⟶ₕᾐࡢഐ㏆㠃‮⁐ࡿࡼ࡟

஺⇕ࡸᢚไࡢ㣗⭉ࡢ㓟㟢Ⅼᇦ࡛ࡧࡼ࠾㧗 ᇦࡣ࡛⟶⇕㸪↝༷⅔⇕஺᥮ჾఏࡋゎỴࢆ

᥮ࡢ⅊ࡿࡅ࠾࡟ၥ㢟ࢆ࡝࡞ゎỴࡋ㸪Ᏻ඲࡟౑⏝ࡿࡍ᪉ἲࡢ㛤Ⓨࢆ┠ᣦࡓࡋ㸬  
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    Fuel  gas  

Fig.1 .7 Schematic s t ructure of single -ended SSiC radiant  tube.  

 

 

1.6 ࣈ࣮ࣗࢳࢺࣥ࢔ࢪᆺࣛࢻ࢚ࣥࣝࢢࣥࢩ 2.  

ᚑ᮶ࡣࣈ࣮ࣗࢳࢺࣥ࢔ࢪࣛࡢ㔠ᒓ〇࡛ࡀࡿ࠶㸪ᵓ㐀࡟㛵ࡣ࡚ࡋ  Henry A.  Dreffein

ࡽ ( 2 6 ࡸ( R. L.  Jones ࡽ ( 2 7 㸪ຍࡏࡉ↝⇞㛫࡛᏶඲✵࠸⊂㸬ࡿ࠶ࡀチ≉࣓࢝ࣜ࢔ࡿࡼ࡟(

⇕㠃඲య࡛ࡢ ᗘศᕸࢆⰋࡋࡃ㸪㔠ᒓ⟶ࡢኚᙧ㜵Ṇࡵࡓࡿࡍࢆ⇞ᩱ࢞ࡸࢫ⇞↝⏝✵

Ẽࡢὶ࡟ࢀ㛵ࡿࡍᕤኵࡓࢀࡉ࡞ࡀ㸬  

ᮦ㉁ⓗࡣ࡟㸪J .M.Foreman ࡽ ( 2 8 ⣲࠸ࡅ⣲⤖ྜⅣ໬࠸ࡅ໬❅ࡧࡼ࠾㸪ྜ⤖࢝ࣜࢩࡣ(

ᮦ࡝࡞ 6 ✀㢮ࣈ࣮ࣗࢳࢺࣥ࢔ࢪࣛࢆࢫࢡࢵ࣑ࣛࢭࡢᮦᩱ࡚ࡋ࡜ホ౯ࡓࡋ㸬ࡢࡑ୰࡛

❅໬࠸ࡅ⣲⤖ྜⅣ໬࠸ࡅ⣲ࣛࡶ᭱ࡣࣈ࣮ࣗࢳࢺࣥ࢔ࢪඃࡀࡓ࠸࡚ࢀ㸪㓟໬ࡾࡼ࡟

2000 ᫬㛫࡛◚ቯ࡜ࡓࡋሗ࿌ࡓࢀࡉ㸬ヨ㦂ࢫࢡࢵ࣑ࣛࢭࡓ࠸⏝࡟〇ࣛࣗࢳࢺࣥ࢔ࢪ

ȭ࠸ࡐ࠸ࡏ㸪ࡣࣈ࣮ 100ェ1000mm ⛬ᗘࡢᑍἲ࡛ࡾ࠶㸪ࡢࡑᚋࡢࡽࢀࡇᮦᩱࢆᕤᴗⓗ

㸬࠸࡞ࡣሗ࿌ࡓࡏࡉື✌࡟  

㏣ࡢ⋠㸪⏕⏘ຠࡸቑຍࡢ㔞⏘⏕ࡢ౑⏝⪅ഃࡣ㈇Ⲵ⇕ࡿࡍᑐ࡟ࣈ࣮ࣗࢳࢺࣥ࢔ࢪࣛ

ồࡾࡼ࡟࡝࡞᭦࡟኱ࡾ࡞ࡃࡁ㸪Ỉᖹ᪉ྥ࡛౑⏝ࡿࢀࡉ㔠ᒓ〇ࣛࡣࣈ࣮ࣗࢳࢺࣥ࢔ࢪ

㸬Fig.1.8ࡿ࠶ᚲせ࡛ࡀ࠼ᨭࡢ⏝ኚᙧ㜵Ṇ⇕࡟࡝࡞୰ኸ㒊ࡸ➃ඛࡵࡓࡢᘏ࿨ࣈ࣮ࣗࢳ

ࢩ㗪㗰〇⇕⪏ࡓࢀࡉ⨨タ࡟ୗ㒊ᖏࡢ㗰ᯈࡿ࠶㸪⏕⏘ရ࡛ࢀࡉ᪋ࢆ⟇㜵Ṇᑐࡾࡀ᭤࡟

Exhaus t  gas  

Air  

Burner  

SSiC inner  tube  

SSiC ou te r  tube  

ȭ 90mm 

1250m
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ࢀࡉ⨨タ࡟㒊ᖏୖࡢ㸬⏕⏘ရࡓࡋ♧ࢆタ⨨ᅗࡢࣈ࣮ࣗࢳࢺࣥ࢔ࢪᆺࣛࢻ࢚ࣥࣝࢢࣥ

య⅔࡚ࡗࡼ࡟ࢀࡇ㸬ࡿ࠶ࡀᚲせࡿ࠼ᨭࡾࡼ࡟἞ලࡆୗࡾྞࡽ࠿ኳ஭ࡢ⅔㸪ࡣሙྜࡿ

㸪ࡣ SSiC ࡢࣈ࣮ࣗࢳ 2 ಸࡢ㔜㔞ࢆᨭࡿ࠼ᙉᗘ࡜㸪」㞧࡞⿵ᙉ἞ලࡾྲྀࡢ௜ࢆࡅせ

ồࡿࢀࡉ㸬 Fig.1.9 ⣙ ⅔࡟ 1230K ࡛⅔⌮ᾐⅣฎࢫ࢞ࡢ㌴㒊ရື⮬ࡢ 2 ᖺ㛫౑⏝ࡋ

ࡓ 㸪 ⤌ ᡂ ࡀ 46 㹼 50mass%Ni 㸪 26 㹼 30mass%Cr 㸪 5mass%W ࡛ ࠶ ࡿ ᑍ ἲ

ȭ 89.1×ȭ 80×1250mm ᦆയ࡟⟶㸬እࡓࡋ♧ࢆ⟶እࣈ࣮ࣗࢳࢺࣥ࢔ࢪ㗪㗰〇ࣛ⇕⪏ࡢ

࡟࠿࡯ࡢⓗຎ໬⇕ࡢእ⟶⮬యࡣ㸪ཎᅉࡀࡿࢀࡽࡵㄆࡀ ⓗᦆ⇕ࡢ࡝࡞ኚᙧࡸࡁ࠶✰,

യࢆඛࡓࡅཷ࡟ෆ⟶ࡢࡽ࠿␗ᖖⅆ⅖ࡢࡽ࠿⇕ᨺᑕࡀᙳ㡪ࡓࡋ㸬ࣈ࣮ࣗࢳ඲యࡣ㸪ቨ

ഃ࡜⿕ฎ⌮≀ഃࡢ࡜ ᗘᕪࡾࡼ࡟‴᭤ࡀࡿࡍ㸪᭤ࡀࡾࡀ኱ࡢ⅔࡜ࡿ࡞ࡃࡁಟ⌮᫬࡟

㠃⾲ࡣࣈ࣮ࣗࢳࢺࣥ࢔ࢪ㸬㔠ᒓ〇ࣛࡿ࡞ࡃ࡞ࡁ࡛ࡀ࡜ࡇࡍฟࡾྲྀࡽ࠿⅔ࢆࣈ࣮ࣗࢳ

㈇Ⲵᐦᗘࡢ኱ࡸ⅔࠸ࡁ┿✵⅔ ( 2 9 )㸪ࡣ࠸ࡿ࠶〇㕲ᡤࡢ⇕ฎ⌮⅔࡞࠺ࡼࡢ኱ᆺ⅔࡛ࡢ

ᦆയ࠸ࡋ⃭ࡀ㸬༙ࡰ࡯ࡵࡓࡢࡇᖺࡀࢫࣥࢼࢸ࣓ࣥࡢ࡜ࡈᚲせ࡛࡜ࡇࡿ࠶㸪〇ရᑑ࿨

㸬ࡓࢀࡽࡵồࡀᮦᩱ࠸ࡋ᪂ࡿࢃ᭰࡟㗪㗰⇕⪏ࡢ㸪ᚑ᮶ࡽ࠿࡜ࡇ࠸▷ࡀ  

୍᪉㸪㔠ᒓ〇ࡢࣈ࣮ࣗࢳ᭷฼࡞Ⅼࡣ㸪⁐᥋ࡸ᭤ࡆຍᕤࢆ᪋ࡾࡼ࡟࡜ࡇࡍ U ᆺ㸪

W ᆺ࡝࡞ ( 3 0 )ఏ⇕㠃✚ࡢ኱࡞ࡁᙧ≧ရࢆᐜ᫆࡟〇㐀ࡿ࠶࡛࡜ࡇࡿࡁ࡛ࡀ࡜ࡇࡿࡍ㸬

㸬ࡿࢀࡽࡆᣲࡶⅬࡿ࠼⪏࡟ᶵᲔⓗ⾪ᧁࡽ࠿࡜ࡇ࠸࡞ᛶᮦᩱ࡛⬤࡜ࢀࡑ  

 

 

             Outer  tube                     Inner  tube  

 

1860mm 

Fig.1.8 Metall ic  s ingle -ended radiant  tube  and equipment  for  bending.  

 

 

 

 

 

Supp or t  b ase  

Supp or t  

1860mm 
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Fig.1.9 Damage of  metall ic  radiant  tube after  working 2years on 

carburiz ing  furnace of 1230K. 

 

 

1.6 .3 SSiC ࣒ࢸࢫࢩ࣮ࢼ࣮ࣂࣈ࣮ࣗࢳࢺࣥ࢔ࢪᆺࣛࢻ࢚ࣥࣝࢢࣥࢩ  

㔠ᒓᮦᩱࢆᾐⅣࡢ࡝࡞⇕ฎ⌮ࡿࡍሙྜ㸪⪏⇕㗪㗰 SCH24
( 3 1 )┦ᙜࡢᮦ㉁࢔ࢪࣛࡢ

ࡡᴫࡣ⅔ࡿ࠸⏝ࢆࣈ࣮ࣗࢳࢺࣥ 1300K ⛬ᗘ௨ୗ࡛᧯ᴗࡿࢀࡉ㸬ࡢࡇᮦ㉁ࡣ⾲㠃㈇Ⲵ

ᐦᗘࡑࡼ࠾ࡀ 40kW/m
2 ኚᙧ㸪㓟໬ຎ࡜ࡿࡍ⏝㸪༙ᖺ⛬ᗘ౑ࡣ࡛⅔✵┿ࡸ⅔ࡿ࠼㉺ࢆ

໬ࡾ࡞ࡃࡋ⃭ࡀ࡝࡞㸪 2㹼 3 ᖺ࡛஺᥮ࡿࡍᚲせࡽ࠿࡜ࡇࡿ࠶ࡀ㸪౑⏝⪅ࡢࡑࡣ≉ᛶ

㸪SSiCࡋ࠿ࡋ㸬ࡓ࠸࡛ࢇᮃࢆᮦᩱ࠸ࡋ᪂ࡎࡏ㊊‶࡟ ᮦᩱ࡟⇕ⓗඃ఩ᛶࡶ࡚ࡗ࠶ࡀ㸪

ᮦᩱ࣓࣮࢝ࡣ㸪㛤Ⓨࡣ࡟ᕧ㢠ࡢᢞ㈨ࢆᚲせࡽ࠿࡜ࡇࡿࡍ࡜㸪┤࡟ࡕ㔠ᒓ࡟ࣈ࣮ࣗࢳ

⪅⏝౑ࡢࡃ㸪ከ࡟ࡽࡉ㸬ࡓࡗ࠿࡞ࡁỴ᩿࡛࡟ᐜ᫆ࡣ࡜ࡇࡿࡍ⤥౪࡚ࡋ࡜〇ရࡿࢃ᭰

኱ᆺࣛࡿࡼ࡟ࢫࢡࢵ࣑ࣛࢭࡿ࠶ᛶᮦᩱ࡛⬤ࡣ࣮࣓࢝⅔ࡸ࣮࣓࣮࢝ࢼ࣮ࣂ㸪ࡵࡌࡣࢆ

⎔ᕷሙ࡞࠺ࡼࡢࡇ㸬ࡓࡗ࠶᠜␲ⓗ࡛ࡣ࡟࡜ࡇࡿࡍ⏝㐺࡟⅔⏘⏕ࢆࣈ࣮ࣗࢳࢺࣥ࢔ࢪ

ቃୗ࡛㸪➹⪅ࡣ኱ᆺ SSiC ࡋ❧☜ࢆ⾡〇㐀ᢏࡢࣈ࣮ࣗࢳࢺࣥ࢔ࢪࣛ ( 3 2 )㹼 ( 3 4 )㸪ᮾி࢞

࡟ඹྠ㛤Ⓨࡢ♫㸪୧ࡋ㛤Ⓨࢆࢼ࣮ࣂࡿࡍࢆ↝⇞ࡓࡋ㐺࡟ࣈ࣮ࣗࢳ⣲࠸ࡅⅣ໬ࡀओࢫ

᏶ᡂࡀ࣒ࢸࢫࢩ࣮ࢼ࣮ࣂࡢࣈ࣮ࣗࢳࢺࣥ࢔ࢪ⣲ࣛ࠸ࡅᆺⅣ໬ࢻ࢚ࣥࣝࢢࣥࢩࡾࡼ

㸬ࡓࡋ   

ᆒࢆ㠃⾲ࣈ࣮ࣗࢳ࡚ࡏࡉ↝⇞᏶඲ࢆࢫ㛫࡛⇞ᩱ࢞✵࠸⊂ࡃ㸪⣽㛗ࡣ࣒ࢸࢫࢩࡢࡇ

ࡿ࠼⪏࡟ᛴ⇕ᛴ෭ࡿࡼ࡟⅖ⅆ࡜㠃㈇Ⲵᐦᗘ⾲࠸㸪㧗࡜⾡ᢏ↝⇞ࡿࡍ࡜ᗘศᕸ ࡞୍

Crack and deformat ion 

Tube s ize :  

ĳ8λ.1×ĳ80×1250mm  
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⦓ᐦ࡞Ⅳ໬࠸ࡅ⣲ᮦᩱࢆࡏྜ⤌ࡢ࡜ᚲせࡓࡋ࡜㸬⇞↝࢞ࡣࢫෆ⟶࡜እ⟶ࡢ㛫㝽ࢆ㏻

 እ⟶⾲㠃࡚࠼ຍࢆᕤኵ࡟✰ࡋฟࡁᄇࡓࢀࡽࡅタ࡟⟶㸪ෆࡀࡿࢀࡉ᤼Ẽ࡟✺↮࡚ࡗ

ᗘࡢᆒ୍໬ࢆᅗࡢ↝⇞࡟ࡶ࡜࡜ࡿᏳᐃ໬ࢆᅗࡓࡗ ( 3 5 ) ( 3 6 )㸬୍᪉㸪➹⪅ࡀᡤᒓࢥࡓࡋ

ओࣝ࢔ࣜࢸ࣐ࢺࣥࣞࣂ (ᪧᮾⰪࢫࢡࢵ࣑ࣛࢭओ ࢆ⟶ෆࢫࢡࢵ࣑ࣛࢭࡓ࠸㛤ࡢ✰“㸪ࡣ(

ࡿ࠸⏝ ࡿ࠶チㄳồ⠊ᅖ࡛≉࠺࠸࡜” Hotwork Developement ♫≉チ ( 3 7 㸪ᕷሙࡋᚓྲྀࢆ(

࡛㉳ࡿ࠺ࡾࡇ≉チ࡟㛵ࢆࣝࣈࣛࢺࡿࡍᅇ㑊ࡓࡋ㸬  

Fig.1.10 ᑍἲȭࡢാ୰✌ࡓࡋ⨨タ࡟᪉ྥ⦪࡟ 90ェ1500mm ࡢ SSiC ࣗࢳࢺࣥ࢔ࢪࣛ

⣙ࡣ㸬⅔ෆ ᗘࡓࡋ♧ࢆࣈ࣮ 1200Kࣈ࣮ࣗࢳࠊ⾲㠃 ᗘࡣ⣙ 1300K 㸬⮬ື㌴ࡿ࠶࡛

㒊ရࡢ┿✵⇕ฎ⌮⅔ࡢ࡬ SSiC ࢺࣟࢡࣥࢩ㸪ࡣ࡚ࡋ㛵࡟⏝㐺ࡢࣈ࣮ࣗࢳࢺࣥ࢔ࢪࣛ

ࣟࣥຍ㏿ჾ࡛ࣟࢡ࢖࣐ࡢἼ྾཰య࡚ࡋ࡜┿✵ୗ࡛㧗࢚ࡢࢠࣝࢿ↷ᑕࡶ࡚ࡅཷࢆ౑

⦼ᐇࡓࡗ࠶࡛⬟ྍ⏝ ( 4 9 ) ( 5 0 㸬ࡓࡁ࡛ࡀ࡜ࡇࡿࡍᑐᛂ࡟㸪㟂せࡽ࠿(  

 

 

 

Size of  radiant  tube:  ȭ 90ェ1600mm 

Burner output:  13kW 

Fig.1.10 View of SSiC single-ended radiant  tube working on 1200K furnace.  

 

 

 

SSiC single-ended 

radiant tube  
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1.6.4 ⁐⼥ள㖄ຍ⇕⏝ᾐₕ⟶  

⁐⼥ள㖄ຍ⇕⏝ᾐₕ⟶⏝㏵࡛ࡣ㸪㔠ᒓᮦᩱࡣ⁐⼥ள㖄ྜ࡜㔠ࢆᙧᡂࡵࡓ࠸᫆ࡋ౑

࠸࡞ࡁ࡛⏝ ( 4 0 )㸬〇㕲ᡤࡢ㐃⥆⁐⼥ள㖄ࡁࡗࡵタഛ CGL (Cont inuous Galvanizing 

Line)࡞࠺ࡼࡢ኱つᶍࡣ⅔⼥⁐࡞ㄏᑟຍ⇕ࡀ୺ὶ࡛ࡀࡿ࠶㸪ᑠつᶍ࡞⁐⼥ள㖄ࡗࡵ

⇕㸬እ㒊ຍࡿ࠶ࡶ᪉ᘧࡿࡍ⇕ຍ࡛ࢼ࣮ࣂࡽ࠿እ㒊࡚ࡋ࡜ᾎ⼥⁐ࢆ㗪㕲〇㘠ࡣ⅔࡛ࡁ

᪉ᘧࡢ▷ᡤࡣ㸪㘠ࡀ⁐⼥ள㖄ࡢ࡜໬Ꮫ཯ᛂࡾࡼ࡟₞ḟᾐ㣗࡜ࡇࡿࢀࡉ㸪ຍ⇕⏝࣮ࣂ

࡜⣲⢊࠸ࡅⅣ໬ࡵࡓࡢࡇ㸬ࡿ࠶࡛࡝࡞༴㝤ᛶࡢ஦ᨾࡁ࠶✰ࡿࡼ࡟⇕ᒁᡤຍࡢ⅖ⅆࢼ

Ⅳ⣲⤖ྜᮦࢆ୺ᡂศࡓࡋ࡜ᢞࡆ㎸ࡳᘧࡢ⪏ⅆ≀㉁ᾐₕ⟶࡚࠸⏝ࢆ㸪⪏ⅆ≀〇ࡢ⁐⼥

ᾎ࡛⁐㸪ࡃ㧗ࡀᛶᧁ⾪⇕⪏ࡣ⟶ₕᾐ㉁≀ⅆ⪏㸬ࡓࡁ࡚ࢀࡉ⏝᥇ࡀᘧ᪉ࡿࡍ⇕ຍࢆ‮

ᾐₕసᴗࡣ࡝࡞ᐜ࡛᫆ࡀࡿ࠶㸪ከᏍ㉁࡛኱ࡀ໬ຎ໬㓟ࡿࡼ࡟⅖ⅆ㸪₶ᾐࡢ‮⁐ࡾ࠶

ࡣ㸪〇ရᑑ࿨ࡵࡓ࠸ࡁ 1 ᖺ⛬ᗘ࡛ࡿ࠶㸬࡟ࡽࡉᕷሙࡢせồࡉ῝ࡿࡍ⣙ 2500mm ࡝࡞

ࡀࡉᙉࡆ᭤ࡣ㸪⪏ⅆ≀㉁ࡣ࡚࠸࠾࡟〇㐀ࡢ⟶኱ᆺᾐₕࡿࡍ⇕ຍࢆள㖄ᾎ⼥⁐ࡢ

20MPa ⛬ᗘ࡛ࡽ࠿࡜ࡇࡿ࠶ᢡᦆࡢ༴㝤ᛶࡀ㧗ࡃ㐺⏝ࡣᅔ㞴࡛ࡿ࠶㸬ࡵࡓࡢࡇ⅔࣓࣮

ࡉ㛗ࡽ࠿࢝ 2300mm ࡢ SSiC ኱ᆺᾐₕ⟶ࡢ㛤Ⓨせồࡾ࠶ࡀ㸪ᮏ◊✲ࡉ῝ࡾࡼ࡟⣙

2500mm ࡓࡗ࡞࡟⬟ྍࡀ⇕ຍࡢள㖄ᾎ⼥⁐ࡢ ( 5 ) ( 4 1 ) ( 4 2 )㸬  

ᑦ㸪እ㒊ຍ⇕⏝ࡣ࡟ࢼ࣮ࣂᚋ㏙ Fig.1.18 ࡍ♧࡟ SSiC 〇ࢼ࣮ࣂ࣒࣮ࣞࣇࢺࢵࣛࣇ

㸬ࡿ࠶ࡶሙྜࡿ࠸⏝ࢆ  

 

1.6 .5 ↝༷⅔ఏ⇕⟶  

✲◊ࡶ࡛ࡲࢀࡇࡣ஺᥮ჾ⇕ࡢ࡛⅔ 㧗ࡓࡋ⏝౑ࢆ㒊ᮦࢫࢡ࣑ࣛࢭ ( 4 3 ) ( 4 4 ࡁ࡚ࢀࡉ(

ࡢ࡝࡞≀ᵓ㐀ࡿࡼ࡟㣗ᛶᡂศ⭉ࡿࢀࡲྵ࡟ࢫ㸪᤼࢞ࡣ஺᥮⇕ࡢ⅔༷↝≀㸪ᗫᲠࡀࡓ

ᦆയࡀ኱࡟࠿࡯࠸ࡁ㸪௜╔⅊ࡢၥ㢟ࡾ࠶ࡶヨ⾜㘒ㄗࡾ⧞ࡀ㏉ࡓࡁ࡚ࢀࡉ㸬⌧ᅾ✌ാ

࠸⏝ࢆ⟶㸪㔠ᒓ〇ỈࡸỈ෭ቨࡢ㒊࡛ࣛ࢖࣎ࡣ࡝ࢇ࡜࡯ࡢ஺᥮⇕ࡢ࡛⅔༷↝ࡿ࠸࡚ࡋ

ࡿࢀࡉ࡞࡚ ( 4 5 㧗 ⭉㣗ࡢቨ⅔࡟㸪ྠ᫬ࡋᢚไࢆຎ໬ࡢ⟶Ỉࡿࡼ࡟ࢫ㸪⇞↝᤼࢞ࡀ(

࡚ࡗ࡞࡟ᵓ㐀ࡿࡍ෭༷ࢆ≀ቨ⪏ⅆ⅔ࢀࡉᇙタ࡟୰ࡢ≀ቨ⪏ⅆ⅔ࡣ⟶㸪Ỉࡵࡓࡄ㜵ࢆ

㸪᪂ࡽ࠿࡜ࡇ࠸࡞ࡃ㧗ࡣ⋠஺᥮ຠ⇕ࡢ⟶Ỉࡣᵓ㐀࡛ࡢࡇࡿࡍ௓ࢆ≀㸬⅔ቨ⪏ⅆࡿ࠸

ࡇࡿࡏࡉ㟢ฟ࡟୰ࢫ㧗 ᤼࢞ࡽ࠿㸪⅔ቨ࡚ࡋᑐ࡟ࢀࡇ㸬ࡓ࠸࡚ࢀࡽࡵồࡀ⾡ᢏ࠸ࡋ

ࡿࡁ࡛ࡢ࡜ SSiC ఏ⇕⟶ࡣ㸪ࡢࡑ୰࡟ప ࡢ✵Ẽࢆᑟධ࡛ࡅࡔࡿࡍ┤᥋ⓗ࡟⇕஺᥮

ࡿ࠶࡛⬟ྍࡀ࡜ࡇࡿࡍ ( 4 6 )㸬⇕஺᥮ࡾࡼ࡟ᚓࡓࢀࡽ㧗 ✵Ẽࡣ㸪⭉㣗ᛶᡂศࡲྵࢆ

ࡓࡲ㸬ࡿࡁ࡛⏝฼࡟㏵⏝ࡢࠎ✀ࡵࡓ࠸࡞ 400K ௨ୗ⛬ᗘࡢ᤼࢞ࡣࢫ⿦⨨ࢆᵓᡂࡿࡍ

㔠ᒓࢆ㟢Ⅼ⭉㣗࡛ࡲࢀࡇࡵࡓࡿࡏࡉ⇕ᅇ཰࡟ࡎࡏࢆᗫᲠࡀࡓࡁ࡚ࢀࡉ㸪 SSiC ఏ⇕
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ᅇ⇕࡚ࡋ࡜ࢠࣝࢿ࢚⏝ᮍ฼ࡽ࠿㸪ప ᇦࡽ࠿࡜ࡇ࠸࡞ࢀࡉ㓟㟢Ⅼ⭉㣗࡜ࡿ࠸⏝ࢆ⟶

཰ࡿ࡞࡟⬟ྍࡀ࡜ࡇࡿࡍ ( 4 7 ) ( 4 8 )㸬  

୍᪉㸪SSiC ఏ⇕⟶ࡢ▷ᡤࡣ㸪᪤ᏑࡢᗫᲠ≀↝༷タഛࡢつᶍ࡟ᑐ࡚ࡋ㛗ࡉ 2m ⛬ᗘ

ࡢ SSiC ఏ⇕⟶ࡣ࡟ࡿ࠸⏝ࢆタഛࡢᵓ㐀㠃ࡢᨵⰋࢆᚲせࡋ࡜㸪ࡀ⅊࡟ࡽࡉ⁐⼥Ⅼ௜

㏆࡜ࡿࡍ ࡛᪼ࡲ⭉㣗ࡿࢀࡉᠱᛕࡿࢀࡽࡆ࠶ࡀ࡜ࡇࡿ࠶ࡢ㸬  
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1.7 ᕤᴗⓗ࡟฼⏝ࡿ࠸࡚ࢀࡉⅣ໬࠸ࡅ⣲ᮦᩱ  

1.7 .1 Ⅳ໬࠸ࡅ⣲ᮦᩱࡢᴫ␎  

ᕤᴗⓗ࡟฼⏝ࡿ࠸࡚ࢀࡉⅣ໬࠸ࡅ⣲ᮦᩱࡣ࡟㸪ᮏ◊✲ࡿ࠶࡛࣐࣮ࢸ SSiC ᮦᩱࡢ

௚࡟ 3 ✀㢮ࡢᮦᩱࡾ࠶ࡀ㸪ࢀࡒࢀࡑ┠ⓗ࡟ᛂ࡚ࡌ౑࠸ศࡿ࠸࡚ࢀࡽࡅ㸬Table 1.1 ࡟

⣲ᮦᩱ࠸ࡅ෌⤖ᬗ㉁Ⅳ໬࡟ࡵࡌࡣ㸬ࡓࡋ♧ࢆᚩ≉࡞୺ࡢᮦᩱࡽࢀࡇ (Re-crystal l ized 

SiC)ࡣከᏍ㉁࡛ࡀࡿ࠶㸪⪏⇕ᛶࡀ㧗ࡃ㸪໬Ꮫⓗ࡟Ᏻᐃ࡛࡟ࡵࡓࡿ࠶ᐜჾ࣮ࣝࣗࢪࡸ

⣲ᮦᩱ࠸ࡅ⣲ὀධⅣ໬࠸ࡅ㸬ࡿࢀࡉ⏝฼࡟࡝࡞㧗 ⏝Ⓨ⇕యࡿࡼ࡟⇕ (Si infi l t rated 

SiC)ࡣ㸪෌⤖ᬗ㉁Ⅳ໬࠸ࡅ⣲࡞࠺ࡼࡢከᏍ㉁ࡢⅣ໬࠸ࡅ⣲↝ᡂయ࠸ࡅ࡟⣲ࢆὀධࡋ

⦓ᐦ໬ࡓࡋᮦᩱ࡛ࡿ࠶㸬ὀධ๓ࡢ↝ᡂయࢆ㓟࡛࡝࡞ࢫ࢞ࣥࢤࣟࣁࡸὙίࡓࡋᚋ࡟㧗

⣧ᗘ࠸ࡅ⣲ࢆὀධࡓࢀࡉᮦᩱࡣ୙⣧≀㔞ࡀ 20ppm ⛬ᗘࡢ㧗⣧ᗘ࡛ࡾ࠶㸪ᣑᩓ⅔ࡢ

⅔ⰺ⟶ࡸ㧗 ࡛࢙࣮࢘࡜ࣁ᥋ゐࢺ࣮࣎ࡿࡍ ࡇࡃḞ࡚ࡋ࡜ᑟయ〇㐀⏝㒊ᮦ༙ࡢ࡝࡞*

㸬CVD(Chemicalࡿ࠶ᮦᩱ࡛࠸࡞ࡁ࡛ࡢ࡜  Vapor Deposit ion)Ⅳ໬࠸ࡅ⣲ᮦᩱࡣ⢊యࢆ

ࡅ᭷ᶵࡓࢀࡉᙧᡂ࡟㸬㧗⣧ᗘᇶᯈୖࡿ࠶ᮦᩱ࡛ࢫࢡࢵ࣑ࣛࢭࡿࢀࡉ〇㐀࡛࠸࡞࠸⏝

ࡿࢀࡉᡂྜࡽ࠿࡜ࢫⅣ໬Ỉ⣲࢞࡜≀⣲໬ྜ࠸ CVD Ⅳ໬࠸ࡅ⣲⭷ࡣ㸪⣧໬ฎ⌮ࢀࡉ

ࣝࣕࢩ࢟ࢱࣆ㸪࢚ࡵࡓࡿ࠶㧗⣧ᗘ࡛࡟ࡽࡉࡶࡾࡼ⣲ᮦᩱ࠸ࡅ⣲ὀධⅣ໬࠸ࡅࡓ **

ᕤ⛬࣮ࢱࣉࢭࢧࡿࡅ࠾࡟ ࡢ௚ࡢࡑ㸬ࡿࢀࡉ⏝฼࡚ࡋ࡜ᑟయ〇㐀⏝㒊ᮦ༙ࡢ࡝࡞***

Ⅳ໬࠸ࡅ⣲ᮦᩱ࡜ࢫࢡࢵ࣑ࣛࢭࡣ࡟ゝ࠿ྰ࠿ࡿ࠼㆟ㄽࢆᚅࡀࡿ࡞࡟࡜ࡇࡘ㸪᭷ᶵࡅ

⥔⧅⣲࠸ࡅⅣ໬ࡓࡋ࡜ཎᩱࢆ≀⣲໬ྜ࠸ ( 4 9 ) ( 5 0 ⣲༢⤖ᬗ࠸ࡅ㸪Ⅳ໬ࡸ( ( 5 1 㸬ࡿ࠶ࡀ(  

 

      Table 1.1 Sil icon carbide materia ls  as industr ial  products .  

  

 

 

ࢺ࣮࣎ *  㸸ࢆࣁ࣮࢙࢘ࣥࢥࣜࢩᆶ┤ࡣ࠸ࡿ࠶Ỉᖹྥ࡟ࡁಖᣢࡿࡍ἞ල࡛㸪ࢀࡇ

㸬ࡿࡍ⌮ฎ⇕࡚ࡋᢞධ࡟⅔ࡢ࡝࡞⅔ᣑᩓࢆ  

ࣝࣕࢩ࢟ࢱࣆ࢚ **㸸ⷧ⭷⤖ᬗᡂ㛗ᢏ⾡࡛ࡘ࡜ࡦࡢ㸪ᇶᯈࡢ⤖ᬗ㠃࡚࠼ࢁࡑ࡟⤖  

     ᬗᡂ㛗࠺⾜ࢆ㸬  

ࢱࣉࢭࢧ ***㸸ఏᑟ㸪ᨺ ᑕ ࡞ ࡝ ࡟ ࡼ ࡾ ⿕ ຍ ⇕ ≀ ࡟ ⇕ ࢆ ఏ 㐩 ࡍ ࡿ ࡓ ࡵ ࡢ 㒊 ᮦ 㸬 

SiC materials Process Properties

Re-crystallized SiC SiC 䋻 Re-crystallized 20%Porosity  Low strength(50MPa)

Si infiltrated SiC SiC + Si 15%Si   High purity(20ppm)

Pressureless sintered SiC SiC + C + B(Al compound) High density   High strength

CVD-SiC SiH4 + CH4 High purity film(few ppm)
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1.7.2 ෌⤖ᬗ㉁Ⅳ໬࠸ࡅ⣲ᮦᩱ  

෌⤖ᬗ㉁Ⅳ໬࠸ࡅ⣲ᮦᩱࡣ⢏ᚄ 10㹼 200ȝm 㸪↝ᡂయࢀࡽ࠸⏝ࡀ⣲⢊࠸ࡅⅣ໬ࡢ

ࡣ 20%⛬ᗘࡢẼᏍ⋡ࢆ᭷ࡀࡿࡍ㸪ẚ㍑ⓗᏳ౯࡞〇ရ࡚ࡋ࡜ᕷሙ࡟౪⤥ࡿࢀࡉ㸬〇㐀

ᕤ⛬ࡣ㸪୺ཎᩱࡢⅣ໬࠸ࡅ⣲⢊࢝ࣜࢩ࡟⢊ࡧࡼ࠾Ⅳ⣲※ࢆවࡓࡡ⤖ྜᮦࢆ࡝࡞ΰྜ

࡟ᚋࡓࢀࡉᡂᙧ࡟≦㸪ᡤᐃᙧࡋ 2500K ௨ୖ࡛↝ᡂࡿࢀࡉ㸬ࡢࡇᮦᩱࡣ↝⤖ຓᮦࢆ⏝

㸪ࡵࡓ࠸࡞࠸ S.R.Bil l ington ࡽ ( 5 2 ࡢࢡࢵࢿྜ⤖࡟⣲⢏Ꮚ㛫࠸ࡅⅣ໬࡟࠺ࡼࡓࡋ♧ࡀ(

ᡂ㛗ࡀࡿ࠶ࡣ⦓ᐦ໬࠸࡞ࡋࡣ㸬ࡵࡓࡢࡇᮏ◊✲ࡢ┠ⓗࡿࡍ࡜⏝㏵࡟㐺⏝࡜ࡿࡍ㸪⇞

◚ࡽ࠿ෆ㒊ࡀ⧊⤌ྜ⤖⣲࠸ࡅ㸪Ⅳ໬ࡋᾐ㏱࡟ෆ㒊⧊⤌ࡽ࠿ẼᏍࡀ㔠ᒓ⼥⁐ࡸࢫ࢞↝

ቯࢀࡉ㸪〇ရࡣᔂቯࡿࡍ㸬  

Fig.1.11 ࡢ⧊⤌ᚤ⣽࡜ฎ⌮ ᗘ⇕ࡢ⣲〇㐀ཎᩱ࠸ࡅ෌⤖ᬗⅣ໬࡟ SEM ෗┿ࢆ♧

ࡀฎ⌮ ᗘࡣ㸬Fig.1.11(a)ࡓࡋ 2020K 㸬ࡿࢀࡽࡵㄆࡀ⑞㊧ࡢ㸪㐀⢏⢊ࡀࡿ࠶ែ࡛≦ࡢ

㸬ࡿ࠶ែ࡛≦ࡓࢀࡉⅣ໬ࡀ᭷ᶵ⤖ྜᮦࡣฎ⌮ ᗘࡢࡇ (b)㸪 (c)࡜₞ḟฎ⌮ ᗘࡀ㧗

㸬ࡿ࠿ࢃࡀᵝᏊࡃ࠸࡚ࡋయྜࡀ⢏Ꮚ࡞ࡉᑠ࡚ࢀࡉᙧᡂࡀࢡࢵࢿ࡜ࡿ࡞ࡃ (d)࡛ྜࡣ

య࡚ࡋ⢏ᡂ㛗ࡓࡋ⢒኱⢏Ꮚ࡜ṧ␃ẼᏍࡀㄆࡿࢀࡽࡵ㸬෌⤖ᬗ㉁Ⅳ໬࠸ࡅ⣲ࡢ௦⾲ⓗ

ࡰ࡯ࡣ⧊⤌ࡢ㟁ẼⓎ⇕యࡿ࠶〇ရ࡛࡞ (d)࡞࠺ࡼࡢ≧ែࢆ࿊ࡿࡍ㸬  

Fig.1.12 㟁ࡿ࠶ᛂ⏝〇ရ࡛ࡢ⣲ᮦᩱ࠸ࡅ⣲ὀධⅣ໬࠸ࡅ࡜⣲࠸ࡅ෌⤖ᬗ㉁Ⅳ໬࡟

ẼⓎ⇕య  ( 5 3 Ⓨ⇕㛗ࡢ㸬୰ኸ㒊ࡓࡋ♧ࢆ㏻㟁≧ែࡢ( 500mm ࡣẚ᢬ᢠࡢ 0.08㹼 0.1 

Ȑ cm ⣙ࡵࡓࡿ࠸࡚ࢀࡉὀධࡀ⣲࠸ࡅ࠸పࡢ㟁Ẽ᢬ᢠࡣᏊ㒊ศ➃ࡢ㸪୧ഃࡀࡿ࠶࡛

0.003Ȑ cm ⪅➹㸬࠸࡞ࡋ⇕Ⓨࡽ࠿࡜ࡇ࠸⣙୍᱆పࡀ㟁Ẽ᢬ᢠ࡭ẚ࡟㸪Ⓨ⇕㒊ࡾ࠶࡛

ࡾྞ࡟⦪ࢆ㸬↝ᡂయࡓࡋᚑ஦࡟〇㐀ᢏ⾡㛤Ⓨࡿࡏࡉὀධࢆ⣲࠸ࡅ⼥⁐࡟Ꮚ㒊ศ➃ࡣ

ୗ࠸ࡅ⼥⁐࡚ࡆ⣲࡟ᾐₕࡿࡏࡉ᪉ἲ࡛ࡀࡿ࠶㸪࠸ࡅ⣲ࡢὀධࡿࢀࡉ㛗ࡀࡉ 200mm

⛬ᗘࡣ࡛ࡲ J IS つ᱁ ( 5 4 Ⓨ⇕య〇ࡢ࡝ࢇ࡜࡯㸬ࡓࡁ࡛ࡀ࡜ࡇࡿࡍᑍἲ࡛ไᚚࡓࡌ‽࡟(

ရࡣᢲฟᡂᙧࡵࡓࡿࢀࡉ㸪୰✵ࣉ࢖ࣃࡢᙧ≧࡛ࡿ࠶ሙྜࡀከࡃ㸪኱ᆺⓎ⇕య࡚ࡋ࡜

ȭࡣ 40ェȭ 25ェ2200mm ⛬ᗘࡀ〇㐀ྍ⬟࡛ࡿ࠶㸬ࡢࡇ෌⤖ᬗ㉁Ⅳ໬࠸ࡅ⣲Ⓨ⇕యࡣ㸪

㸪⾲㠃 ᗘࡁ࡛ࡀ࡜ࡇࡿ࡜ࢆ㠃㈇Ⲵᐦᗘ⾲࠸㧗࡭ẚ࡟Ⓨ⇕య⥺࣒ࣟࢡࢽ 1870K ௨ୗ

⛬ᗘࡢᕤᴗ⅔࡛౑⏝ࡿࢀࡉ㸬  
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Granulated part icle of s i l icon carbide  

 

(a)              (b)             (c)              (d)  

2020K           2220K         2420K          2570K 

Heat t reatment  temperature           100ȝm 

Fig.1.11 SEM image  of  re-crysta l ized si l icon carbide microstructure   

sintered at  various temperature.  

 

 

 

    

Temperature of  surface:  1273K   

Size:  ȭ 16mm×500mm×1000mm 

Rated value (at  1273K):  115V-5kW. 

Fig.1.12 Sil icon carbide electr ic heat ing element .  

 

 

500mm 
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⣲ᮦᩱ࠸ࡅ⣲ὀධⅣ໬࠸ࡅ 1.7.3  

๓㡯ࡣ࡟ᇶᮏⓗࡣ⣲ᮦᩱ࠸ࡅ⣲ὀධⅣ໬࠸ࡅ 1.7.2 ෌⤖ᬗ㉁Ⅳ࡞ከᏍ㉁࡞࠺ࡼࡢ

໬࠸ࡅ⣲ᮦᩱ࠸ࡅ࡟⣲ࢆὀධࢆ⧊⤌࡚ࡋ⦓ᐦ໬ࡓࡏࡉᮦᩱ࡛ࡾ࠶㸪10㹼 20mass%ࡢ

㐟㞳࠸ࡅ⣲ࡴྵࢆ㸬ࡢࡇᮦᩱࡣ〇㐀ᕤ⛬࡛࠸ࡅ⣲ࢆὀධࡿࡼ࡟࡜ࡇࡿࡏࡉ᥋ྜྍࡀ

ࡢ≦㞧ᙧ「ࡓࡋ᥋ྜࢆ࡝࡞ࣥ࢕ࣇࡸࢪࣥࣛࣇᙧ≧㸪ࡌᑒࡢ㠃➃ࣈ࣮ࣗࢳ㸪ࡾ࠶࡛⬟

〇ရࢆసࡿࡁ࡛ࡀ࡜ࡇࡿ ( 5 5 ) ( 5 6 )㸬࡟ࡽࡉ㸪࠸ࡅ⣲ὀධࡿࡼ࡟⦓ᐦ໬ᕤ⛬๓ࡢ⣲ᮦࡀ

㓟ࡾࡼ࡟࡝࡞ࢫ࢞ࣥࢤࣟࣁࡸὙί㸪⣧໬ฎ⌮࡜ࡿࢀࡉ㸪⦓ᐦ࡞㧗⣧ᗘ〇ရ࡚ࡋ࡜〇

㐀ࡿࢀࡉ㸬⏝㏵ࡣ㸪ࢡࣝࣂ୙⣧≀㔞ࡀ 20ppm ⛬ᗘ ( 5 7 ⏝ᑟయ〇㐀༙ࡽ࠿࡜ࡇࡿ࠶࡛(

㸪ࡸ⟶ⰺ⅔ࡢ⏝⌮ᣑᩓ㸪⇕ฎࡢࣁ࣮࢙࢘ࣥࢥࣜࢩࡿ࡞࡜ၥ㢟ࡀ㸬୙⣧≀ởᰁ࠸ከࡀ

㸪༙ᑟయ〇㐀⏝㒊ࢀࡉ⤥౪࡚ࡋ࡜ฎ⌮⏝㒊ᮦ⇕✀ྛ࡝࡞ࢺ࣮࣎ࡿࡍᦚ㍕ࢆࣁ࣮࢙࢘

ᮦ࡚ࡋ࡜୙ྍḞࡢᮦᩱ࡛ࡿ࠶ ( 5 8 ) ( 5 9 )㸬Fig.1.13 ࡟ 2 ࡗస࡚ࡋ᥋ྜࢆࢢࣥࣜࡓࡗ๭࡟∦

㸬ࡿࢀࡉ⏝౑࡟࡝࡞἞ලࡿࡍ㖄┤ಖᣢࢆ≀⇕㸬㧗 ⅔࡛⿕ຍࡓࡋ♧ࢆ㙐ࡓ  

Fig.1.14 㸪Ⅳࡣ⧊⤌㸬ࡓࡋ♧ࢆ⧊⤌ගᏛ㢧ᚤ㙾ࡢ⣲↝⤖య࠸ࡅ⣲ὀධⅣ໬࠸ࡅ࡟

໬࠸ࡅ⣲⢏Ꮚࡿࡼ࡟ከᏍ㉁࡞ᵓ㐀࡜㸪ࡢࡑ✵㛫࡟Ꮡᅾࡿࡍὀධ࠸ࡅࡓࢀࡉ⣲࡞ࡽ࠿

㸬ࡿ࠶⣲࡛࠸ࡅࡓࢀࡉὀධࡀ㒊ศ࠸ⷧࡢ⣲⢏Ꮚ࡛㸪Ⰽ࠸ࡅⅣ໬ࡀ㒊ศ࠸⃰ࡢ㸬Ⰽࡿ

Ⅳ໬࠸ࡅ⣲⢏Ꮚࡣ㸪㒊ศⓗ࠸ࡅ⼥⁐࡟⣲࡟⁐ゎࡿࡍ ( 5 1 ࠸ࡅ㸬ࡿࡍᯒฟ࡟㝆 ᫬ࡀ(

⣲ࡀⅣ໬࠸ࡅ⣲⢏Ꮚ㛫ࡵࡓࡿ࠶࡛⧊⤌࡞࠺ࡼࡿࡍྜ⤖ࢆ㸪࠸ࡅ⣲㒊ศࡀ໬Ꮫⓗࡿ࠶

⣲࠸ࡅࡓࢀࡉὀධࡣᛶ㉁ࡢ㸪ᮦᩱ࡝࡞࠺ࡲࡋ࡚ࡋᔂቯࡀ⧊⤌࡜ࡿࡍຎ໬࡟ⓗ⇕ࡣ࠸

㸬࠸ࡍࡸࢀࡉไ⣙ࡾࡼ࡟  

1.5 㡯࡛㏙ࡓ࡭㐃⥆㗪㐀⏝ᾐₕࡢࣝࢬࣀ㛤Ⓨ࡛㸪࠸ࡅ⣲࡜Ⅳ⣲ࡣ⣙ 1500K ࡛⇕ฎ

ࡅ⣲ὀධⅣ໬࠸ࡅ㸪ࡽ࠿࡜ࡇࡓࡗ࠶࡛࠿ࡽ᫂ࡀ࡜ࡇࡿࡍᡂ⏕ࢆ⣲࠸ࡅⅣ໬࡜ࡿࡍ⌮

ࢀࡇ㸪ࡋⅣ໬ࢆ㭯ࡾᢡࡢ⣬ࡣ࠸ࡿ࠶㸪ᮌᮦࡤࢀࡅ࡞ࡀせồࡿࡍ㛵࡟ᛶ㉁ࡣ⣲ᮦᩱ࠸

㸪ࡀࡓࡋᚰ࡛ヨసࡧ㐟ࡢ⪅➹㸬ࡿࡁ࡛ࡀ࡜ࡇࡾసࡾࡼ࡟࡜ࡇࡿࡍὀධࢆ⣲࠸ࡅ⼥⁐࡟

Fig.1.15 ࡢᮦᩱࡓࡋὀධࢆ⣲࠸ࡅ⼥⁐࡟ᚋࡓࡋⅣ໬ࢆᮌ࡟ SEM ࡢ㸬ᮌࡓࡋ♧ࢆ⧊⤌

ᑟ⟶ࡸᖺ㍯ࡀㄆࢀࡽࡵ㸪ᮌⅣࡢእほࢆ࿊ࡓࡋⅣ໬࢖ࢣ⣲ᮦᩱࡾ࡞࡜㸪ᬮ⅔ࡢ⇞↝㒊

㸬ࡓࢀࡉ⏝౑࡚ࡋ࡜ᮌⅣ࠸࡞࠼⇞࡛   
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Fig.1.13 Sil icon infi l t rated si l icon carbide chain with joined rings.  

 

          

Fig.1.14 Optical  image of  si l icon infi l t rated si l icon carbide  micro s t ructure .  

Sil icon 

Sil icon carbide  

100ȝm  

ȭ 42mm 
Joined r ings  
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Annual r ing 

 

         

Pore               

Fig.1.15 Optical  image of si l icon infi l trated si l icon carbide  

microstructure made from wood.  

 

 

 

1.7 .4 SSiC ᮦᩱ  

㞴↝⤖ᛶᮦᩱ࡛ࡿ࠶Ⅳ໬࠸ࡅ⣲ࡢᖖᅽ↝⤖ἲࡣ✲◊ࡢ㸪Yu.A.Vodakov
( 6 0 ࡿࡼ࡟ࡽ(

Ⅳ໬࠸ࡅ⣲⤖ᬗ୰࡛ࡢඖ⣲ࡢᣑᩓ㏿ᗘ◊✲ᩘ࡝࡞ከࡓࢀࡉ࡞ࡃ㸬୰࡛ࡶ㸪General  

Electr ic ࡢ♫ S.Prochazka
( 6 1 ࡀ( ȕ ᆺⅣ໬࠸ࡅ⣲ࡢᚤ⢊࡟↝⤖ຓᮦ࡚ࡋ࡜ 0.5mass%Ⅳ

⣲࡜ 0.24mass%࠺࡯⣲ࢆῧຍࡾࡼ࡟࡜ࡇࡿࡍ㸪ᖖᅽୗ࡛⌮ㄽᐦᗘẚ 95%௨ୖࡢ⦓ᐦ

యࡿ࠸࡚ࢀࡽ▱ࡣ✲◊ࡓࡏࡉ⤖↝ࢆ㸬General  Electr ic 㸪ࡋᚓྲྀࢆチ≉࣓࢝ࣜ࢔ࡣ♫

ࡓࡋチ໬≉ࡶ᪥ᮏᅜෆ࡛࡚ࡋ࡜ඛ㢪ᶒࢆࢀࡇ ( 6 2 )㸬ࡢࡑᚋ Kennecot t 㸪ࡀ♫ Į ᆺⅣ໬

ඛ㢪ᶒࢆࢀࡇ࡟㸪ྠᵝࡏࡉ❧ᡂࢆチ≉࣓࢝ࣜ࢔ࡿࡏࡉ⤖↝ᖖᅽୗ࡛ࢆᚤ⢊ࡢ⣲࠸ࡅ

チㄳồ⠊ᅖ≉࡚ࡋ࡜ 0.15㹼 3mass%࠺࡯⣲࡜ 0.5㹼 5mass%Ⅳ⣲࡛᪥ᮏᅜ≉チࢆᡂ❧
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ࡓࡏࡉ ( 6 3 )㸬㢮ఝᢏ⾡࡛ࡿ࠶ ȕ ᆺⅣ໬࠸ࡅ⣲࡜ Į ᆺⅣ໬࠸ࡅ⣲࡟⤖↝ࡢ㛵ࡿࡍ≉チ

㸬Įࡓࡋ❧ᡂࡀ ᆺⅣ໬࠸ࡅ⣲࡟㛵ࡿࡍ≉チࡣ᪥ᮏࡴྵࢆ 19 㸪ࡵࡓࡓࢀࡉฟ㢪࡟ᅜࢣ

SSiC ᮦᩱࡢ㛤Ⓨࡣ≉チᅇ㑊ࡶ࡟✲◊ࡢὀຊࢆࡿࡊࡏᚓࡓࡗ࠿࡞㸬  

ࡇ ࡢ ᢏ ⾡ ࢆ ⏝ ࠸ ࡚ 〇 㐀 ࡉ ࢀ ࡓ ⦓ ᐦ ࡞ SSiC 〇 ရ ࡢ ᕷ ㈍ ᫬ ᮇ ࡣ 㸪 ኱ ࡁ ࡉ

100×100×5mm ⛬ᗘ࡜ࡔ 1980 ᖺ㡭࡛ࡾ࠶㸪ȭ 200×ȭ 180×㛗ࡉ 2000mm ⛬ᗘࡢ኱ᆺ〇

ရ࡜ࡿ࡞࡟ᮏ◊✲࡛ࡢ 990ppm 〇㐀ྍࡾࡼ࡟⾡ᢏ⮬⊃ࡿࡍῧຍࢆ㸪Ⅳ⣲࡜⣲࠺࡯ࡢ

ࡓࡗ࡞࡟⬟ 2000 ᖺ௨㝆࡛ࡿ࠶㸬⌧ᅾ㸪∦➃࡟≦⌫ࡀᑒࢀࡽࡌ㸪௚᪉➃ࢪࣥࣛࣇࡀ

ᙧ≧࡛ࡾ࠶㔠ᒓ㒊ᮦ࡟Ỉᖹ㸪ᆶ┤᪉ྥࡵᩳࡣ࠸ࡿ࠶᪉ྥ࡟タ⨨ⷧࡿࡁ࡛ࡢ࡜ࡇࡿࡍ

⫗࣭኱ᆺ SSiC 〇ရࢆᐇ⏝໬ࡓࡋሗ࿌ࡣ௚࡟ぢ࠸࡞ࡽࡓ࠶㸬   

ᚑ࡟㛤Ⓨࡢ⾡ᖖᅽ↝⤖ᢏࡢ࣒࢘ࢽ࣑ࣝ࢔໬❅ࡣ⪅➹㸪࡚࠸࠾࡟ቃୗ⎔࡞࠺ࡼࡢࡇ

஦ࡽ࠿࡜ࡇࡓ࠸࡚ࡋ㸪◊✲ึࡢᮇẁ㝵࡛  2mass%❅໬࣒࢘ࢽ࣑ࣝ࢔ -4mass%Ⅳ⣲

-10mass%ࢆࢼ࣑ࣝ࢔ῧຍࡓࡋ⦓ᐦ࡞ SSiC యࢆ㛤Ⓨࡓࡋ ( 6 4 ) ( 6 5 )㸬࣒࢘ࢽ࣑ࣝ࢔⣔㸪࡯

ࡢ⣲⣔࠺ 2 ✀㢮ࡢ↝⤖ຓᮦࡿࡼ࡟↝⤖య⤌⧊ࢆ SEM (ᓥὠ EPMA-1610)  ほᐹࡓࡋ㸬

Fig.1.16 㸪ࢆ㠃᩿◚ࡢሙྜࡓ࠸⏝ࢆ⣔↝⤖ຓᮦ࣒࢘ࢽ࣑ࣝ࢔࡟ Fig.1.17 ⣲⣔࠺࡯࡟

㸬 Fig.1.16ࡓࡋ♧ࢆ㠃᩿◚ࡿࡼ࡟ ⢏ࡢࢀࡒࢀࡑ㸪ࡾ࠶ᨭ㓄ⓗ࡛ࡀ⢏⏺◚ቯࡣ㠃◚ࡢ

Ꮚࡢᙧࡿࡁ࡛ࡀ࡜ࡇࡿࡍูุࢆ㸬⢏Ꮚࡢゅ㒊ࡀ୸ࢆࡳᖏࡽ࠿࡜ࡇࡿ࠸࡚ࡧ㸪Ⅳ໬ࡅ

ࡢయ⤖↝ࡢࡇ㸬ࡿ࠶࡛⤖↝┦ᾮࡓࡋゎ⁐ࡀゅ㒊ࡢ⣲⢏Ꮚ࠸ J IS
( 6 6 )‽ᣐࡿࡼ࡟ᐊ  3

Ⅼ᭤ࡆᙉࡣࡉ  600㹼 800MPa ࡛ࡿ࠶㸬࠺࡯⣲࠸࡞ࡲྵࢆⅬ༙ࡣᑟయ〇㐀⏝㒊ᮦࡣ࡟

㐺ࡀࡓࡋ㸪ᘮ㓟 +◪㓟ࡢΰ㓟ࡾࡼ࡟⭉㣗ࡓࢀࡉ㸬୍᪉㸪Fig.1.17 ࡓࡋ♧࡟ 0.09mass%

⣲࠺࡯ -4mass%Ⅳ⣲ࡿࡼ࡟↝⤖యࡣ㸪๼㛤ࡢ⑞㊧ࡀㄆࡽ࠿࡜ࡇࡿࢀࡽࡵ㸪⢏ෆ࡛◚

ቯࡓࡋ㸬ᐊ ᭤ࡆᙉࡣࡉᴫࡡ 400㹼 500MPa 㸬ࡓࡗ࠶࡛   

ࡿ࡞␗ࡣ⪅➹ 2 ✀㢮ࡢ SSiC ↝⤖యࢆ㛤Ⓨࡀࡓࡋ㸪࣒࢘ࢽ࣑ࣝ࢔⣔↝⤖ຓᮦࡣ኱

ᆺ㸪⫗ཌရࡢ〇㐀࡚࠸࠾࡟↝⤖ᕤ⛬࡛ኚᙧࡢ࡝࡞Ṍ␃ࡾࡲపୗࡀㄆࡵࡓࡓࢀࡽࡵ㸪

ࡿࡼ࡟⣲⣔↝⤖ຓᮦ࠺࡯ SSiC ᮦᩱࢆ◊✲ᑐ㇟࡚ࡋ࡜㑅ᢥࡓࡋ㸬ᮏ◊✲࡛⏝ࢀࡽ࠸

࡟㛤Ⓨ⮬⊃ࡓࡋ࡜ຓᮦ⤖↝ࢆⅣ⣲࡜⣲࠺࡯ࡢᑡ㔞࠸࡞ࡋ᢬ゐ࡟㸪௚♫≉チࡣᮦᩱࡓ

㸬ࡿ࠶࡛ࡢࡶࡿࡼ  
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Fig.1.16 SEM image of  fracture surface of SSiC sintered with addi t ion of   

2mass% Aluminum ni t ride-  4mass%Carbon- 

10 mass% Aluminum oxide.  

 

 

Fig.1.17 SEM image of fracture surface of SSiC sintered with  

addit ion of 0.09mass%Boron- 4mass%Carbon.  
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SSiCᮦᩱࡢ⏝㏵ࡢヲ⣽ࡣ࡚࠸ࡘ࡟ᮏㄽᩥ࡛ᚋ㏙ࡀࡿࡍ㸪୺࡟㧗 ᕤᴗ㒊ᮦ࡚ࡋ࡜ᐇ

⏝໬ࡓࢀࡉ㸬 Fig.1.18ࡓࡋ♧ࢆࢼ࣮ࣂ࣒࣮ࣞࣇࢺࢵࣛࣇࡿࡼ࡟↝⇞ࢫ࢞࡟㸬࣮ࣂࡢࡇ

෇࿘᪉ྥ࡚ࡗࡼ࡟࡜ࡇࡿࡍ᪕ᅇ࡚ࡗἢ࡟ቨ㠃ࡀẼ✵⏝↝⇞ࢆ୰ࡢ⟃↝⇞㸪ࡣ⅖ⅆࡢࢼ

㗪㕲〇㘠ࡢ⅔ࡁࡗࡵ㸬⁐⼥ள㖄ࡿࡍ㐺࡟ሙྜࡿࡍ⇕ຍࢆ≀⇕㸪㠃࡛⿕ຍࢀࡉฟࡁᄇ࡟

ࡿࡍᑐ࡟ὶࢫ࢞↝⇞ࡢ 㸪㧗ࡃ㧗ࡀ㸪⪏⇕ᛶࡣ㸬SSiCᮦᩱࡓࢀࡉᐇ⏝໬࡛࡝࡞⇕ຍࡢ

⪏ᦶ⪖ᛶࡸ㸪ᑍἲᏳᐃᛶࡀⰋࡽ࠿࡜ࡇ࠸㧗 ⅔⏝࡚ࡋ࡜⟃↝⇞ࡢ౑⏝ࡿࢀࡉ㸬  

 

 

  

Fig.1.18 SSiC combustor of flat  f lame gas burner .   

 

 

 

 

 

 

 

 

 

SSiC combustor  
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ᐊ ࡛ࡢ⏝㏵࡛ࡣ㸪SSiCᮦᩱࡣ๛ᛶࡀ㧗ࢆࣁ࣮࢙࢘ࡽ࠿࡜ࡇ࠸㧗㏿࡛⢭ᐦ࡟ᦙ㏦ࡍ

㸪ࡃ㏆࡟ࣁ࣮࢙࢘ࣥࢥࣜࢩࡀ⋠ᙇ⭾⇕࡟௚ࡢࡇ㸬ࡿࢀࡉ⏝฼࡚ࡋ࡜ࢡ࣮࢛ࣇ⏝㍕⛣ࡿ

⇕ఏᑟ⋡ࡀ㧗ࢆ⇕☻◊ࡵࡓ࠸ᨺᩓࡢࣁ࣮࢙࢘ࡽ࠿࡜ࡇ࠸ࡍࡸࡋኚᙧࢆᑠࡃࡉᢚࡿ࠼

ȭࡵࡓࡿࡁ࡛ࡀ࡜ࡇ 300mm࢙࣮࢘ࡢ࡝࡞ࣁ኱ཱྀᚄရࡢᯛⴥᘧ◊☻ᯈ༙ࡢ࡝࡞ᑟయ〇

㐀⏝㒊ᮦࡶ࡚ࡋ࡜౑⏝ࡿࢀࡉ㸬 Fig.1.19࡟ᣑᩓฎ⌮ࡸ㓟໬ฎ⌮⅔⏝࣮࣎ࡢ࡬ࢺ⛣㍕⏝

ࡣཌ⫗ࡢ㒊ศࡿࢀࡉᦚ㍕ࡀࣁ㸬࢙࣮࢘ࡓࡋ♧ࢆࢡ࣮࢛ࣇ 1.5mm࡛ࡀࡿ࠶㸪ᩘ್ィ⟬࡟

ࡣ኱ኚ఩㔞᭱ࡢඛ➃㒊࡛ࡢᦚ㍕᫬ࣁ࣮࢙࢘࡜ࡿࡼ 0.44mm㸪Ⓨ⏕ᛂຊࡣ 8.9MPa࡛ࡿ࠶

㸬ࡿࡁ࡛⏝౑ࡃ࡞ၥ㢟ࡽ࠿࡜ࡇ   

 

 

 

Fig.1.18 SSiC equipment of semi -conductor manufacturing.  

 

 

 

 

 

 

Fig.1.19 SSiC t ransfer  fork  for  semi-conductor manufacturing.  

SSiC t ransfer  forks  

ȭ 300mm Si-wafer  
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1.7.5 CVD Ⅳ໬࠸ࡅ⣲ᮦᩱ   

CVD Ⅳ໬࢖ࢣ⣲〇ရࡢ⭷ࡣ࡟⮬❧యࡀࡿ࠶ࡶ㸪ᇶᯈ⾲㠃࡟ᙧᡂࡓࡏࡉⅣ໬࠸ࡅ

⣲⭷ࡍ♧ࢆሙྜࡀከ࠸㸬➹⪅ࡀᚑ஦ࡓࡋ㛤Ⓨ࡛ࡣ㸪ཎᩱ࡟୺ࢡࣜࢺࡸࣥࣛࢩ࡚ࡋ࡜

Ⅳ໬Ỉ⣲ࡢ࡝࡞ࣥࢱ࣓࡚ࡋ࡜※㸪Ⅳ⣲࡜≀⣲໬ྜ࠸ࡅ᭷ᶵࡢ࡝࡞ࣥࣛࢩࣝࢳ࣓ࣝࣟ

㸬཯ᛂ⟶ෆ࡛⣙ࡓ࠸⏝ࢆࢫ࢞ 1500K ࢆࢫཎᩱ࢞ࡢࡽࢀࡇ࡟ᇶᯈࡓࢀࡉ⇕㧗࿘Ἴຍ࡟

᥋ゐ࡜ࡿࡏࡉ㸪ᇶᯈୖ࡟ CVD Ⅳ໬࢖ࢣ⣲⭷ࡀᙧᡂࡿࢀࡉ ( 6 7 ) ( 6 8 )㸬ࡢࡇᮦᩱࡢ┠ⓗࡣ㸪

ᇶᯈ⾲㠃ࡢᨵ㉁࡛ࡾ࠶㸪ᇶᯈࡣ࡟ CVD Ⅳ໬࠸ࡅ⣲⭷࡜⇕⭾ᙇ⋡ࡢ㏆࠸Ⅳ໬࠸ࡅ⣲

ᮦᩱࡸⅣ⣲ᮦᩱࡿࢀࡽ࠸⏝ࡀሙྜࡀከ࠸㸬ᇶᯈࡢ⣧ᗘࡀ㧗࡝࡯࠸㧗⣧ᗘᮦᩱࡾ࡞࡟㸪

⣧໬ฎ⌮ࡓࡋⅣ⣲ᇶᯈ࡟ CVD Ⅳ໬࠸ࡅ⣲ࢆᙧᡂࡓࡏࡉሙྜࡢ୙⣧≀㔞ᩘࡣ ppm ௨

ୗ ( 6 9 )⛬ᗘ࡛ࡽ࠿࡜ࡇࡿ࠶㸪༙ᑟయ〇㐀ࣝࣕࢩ࢟ࢱࣆ࢚ࡢᕤ⛬࡛࡝࡞࣮ࢱࣉࢭࢧࡢ

㸬Fig.1.20ࡿࢀࡉ⏝౑࡟ ࡓࡏࡉᙧᡂ࡟⣲ᇶᯈୖ࠸ࡅⅣ໬ࡢከᏍ㉁࡟ CVD Ⅳ໬࠸ࡅ⣲

࡜ࡿࡍ࡟ᇶᯈࢆ⣲ᮦᩱ࠸ࡅ㸬Ⅳ໬ࡓࡋ♧ࢆ⧊⤌㢧ᚤ㙾ࡢቃ⏺௜㏆ࡢ࡜ᇶᯈ࡜⭷ CVD

Ⅳ໬࢖ࢣ⣲⭷࡜⇕⭾ᙇ⋡ࡀ㏆ࡵࡓ࠸㸪ຍ⇕ࡸ෭༷᫬࡟ CVD ࡌ⏕ࢆ๤㞳࡟㛫ࡢ࡜⭷

㸬࠸ࡃ࡟  

Pore 

         

                    30ȝm  

Fig.1.20 Optical  image of  CVD si l icon carbide  microstructure  on  

porous si l icon carbide  body.   

Porous  s i l icon carbide  CVD-s i l i co n  carb id e  
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1.8 ⤖ゝ  

ȭࡿ࠶࡛≦ᙧࢪࣥࣛࣇࡀ➃㸪௚᪉ࢀࡽࡌᑒ࡟≦⌫ࡀ➃∦  220×ȭ 200×2300mm 㔜

㔞⣙ 50kg ኱ᆺ࡛ⷧ⫗ࡢ SSiC 〇ရࢆ㸪ຎᝏ࡞⎔ቃୗ࡛౑⏝ࡿࢀࡉᕤᴗ⏝㒊ᮦࡋ࡜

࡚Ᏻ඲࡟ᐇ⏝໬࡟࡜ࡇࡿࡏࡉ㛵ࡿࡍᮏ◊✲ࡢព⩏㸪┠ⓗࡧࡼ࠾⏘ᴗࡢ࡬㈉⊩࡝࡞

ࡢศ㔝࡛ࡓࢀࡉ㑅ᐃ࡚ࡋ࡜ලయⓗ⏝㏵ࡢ✲◊㸬ᮏࡓ࡭㏙࡚࠸ࡘ࡟ SSiC ᮦᩱ࡜ᚑ

᮶ᢏ⾡ࡿࡼ࡟ᮦᩱࡢ࡜ẚ㍑ࢆୗグࡓࡋ♧࡟㸬ࡢࢀࡎ࠸ᢏ⾡㸪ᮦᩱࢀࡒࢀࡑࡶ㛗ᡤ

㸬ࡿ࠶㔜せ࡛ࡣぢ▱ࡢ㸪㐺⏝᪉ἲࡽ࠿࡜ࡇࡘᣢࢆᡤ▷࡜  

 

 

 

ᮏ◊✲࡛╔┠ࡓࡋձ〇㐀ᢏ⾡㸪ղホ౯ᢏ⾡㸪ճᛂ⏝ᢏ⾡࡟㛵ࡣ࡚ࡋ㸪ձ୍ࡣ➃ᑒ

㸪CIPࡾ࠶࡛⾡〇㐀ᢏࡢ㸪኱ᆺ〇ရⷧ⫗ࡿࡍ᭷ࢆ≦ᙧࢪࣥࣛࣇ࡛ࡌ ᡂᙧ⏝㐀⢏⢊ࡣ

ὶືᛶࡀⰋࡃ㸪ⷧ⫗㛗ᑻရࡢᆺ඘ሸ᫬࡚࠸࠾࡟┠ワ࠸࡞ࡋࡾࡲ⢊య࡟ㄪᩚࡿࢀࡉ㸬
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➨ 2 ❶ᖖᅽ↝⤖Ⅳ໬࠸ࡅ⣲  

኱ᆺࣛࡢࣈ࣮ࣗࢳࢺࣥ࢔ࢪ㛤Ⓨ࡜㐺⏝  

 

グྕ࣭༢఩  

 

 

 ı b㸸 3 Ⅼ᭤ࡆᙉࡉ                                          [ P a ] 

 ı t  㸸ᘬᙇᙉࡉ                                            [ P a ] 

 E㸸ࣖࣥࢢ⋡                                               [ P a ] 

 ȡ㸸ᐦᗘ                                                 [ k g / m
3
] 

 Į㸸⇕⭾ᙇ⋡                                              [ K
- 1

] 

 ț㸸⇕ఏᑟ⋡                                         [ W / ( m࣭K ) ] 

 Ĳ㸸㟁Ẽẚ᢬ᢠ                                           [ ȍ m ] 

B i㸸ᩘ࢜ࣅ    (=  
௛࣭ 㹰఑  )  

h㸸⇕ఏ㐩⋡                                     [W/ (m
2࣭K)]  

 r 㸸 ᮦ ᩱ ࡢ ኱ ࡁ ࡉ ( ༙ ᚄ )                      [ m ]  

s  :  ᯈཌ                                                           [m]  

Ȟ㸸࣏ࣥࢯ࢔ẚ  

 R  㸸1 ḟ⪏⇕ᛂຊಀᩘ ࡾ   ൌ ࣌ሺ૚ିࣇሻࢻࡱ                              [ K ]  

 R’㸸 2 ḟ⪏⇕ᛂຊಀᩘ    R ’= Rț                                  [W/m]  

m㸸ᙧ≧ẕᩘ  ( ಀᩘࣝࣈ࢖࣡   )  

Fi  :  ⣼✚◚ቯಀᩘ  (  i 㡰఩ࡢ㡰࠸ࡉᑠࡣ )  

 

 

 

 

 

 

 



 

38 

 

ᘧ (2 -1 ) ,  (2 -2 )  

 S p  :  Ᏻ඲⋡  

 ī   :  ࣐࢞ࣥ㛵ᩘ  

ᘧ (2 -6 )  

P s  :  ཷᅽ㒊࡟ຍࡿࢃᐇ⾜ᅽຊ                                [ P a ]  

P m a x  : ᅽࢡ࣮ࣆ                                             [ P a ]  

  ĳ  :  ⾪ᧁಀᩘ  

T 0  :  ⇿ᅽస⏝᫬㛫                                          [  s  ]  

  T s  :  ᅛ᭷࿘ᮇ                                              [  s  ]  

 

ᘧ (2 -7 )  ,  (2 -8)  

r  : ࣈ࣮ࣗࢳ  ᚄ༙ࡢ                                       [  m m ]  

D  :  ๛ᛶಀᩘ  

Ȧ  :  ᅛ᭷᣺ືᩘ                                         [  r a d / s  ]  
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2.1  ⥴ゝ  

ᖖ ᅽ ↝ ⤖ Ⅳ ໬ ࡅ ࠸ ⣲ ᮦ ᩱ ( P r e s s u r e l e s s -  s i n t e r e d  s i l i c o n  c a r b i d e :  ௨ ᚋ

S S i C ࡿࡍ⛠࡜ 㸪ࡣ(  ከࢫࢡࢵ࣑ࣛࢭࣥ࢖࢓ࣇࡢࡃᮦᩱࡀᑠᙧ 㸪㍍㔞࡛㸪

୺ ࡟ ᶵ⬟ ᛶࢆ ㏣ ồࡉ ࡚ࢀ ࡿ࠸ ୰ ࡛ 㸪 ኱ᆺ ᵓ㐀 ᮦ ࡋ࡜ ࡚⏘ ᴗ࡟ ᐤ ୚ࡋ ࠸࡚

ࡿ࠶ᮦᩱ࡛ࡿ 㸬ࡣ࡛࣓࢝ࣜ࢔ 1 9 9 0 ᖺ㡭࡟㸪D . P . B u t t ࡽ  ( 1 )
㸪Tࡸ  . D a r r o u d i

ࡽ  ( 2 ࡟( ࡼ ࡾ ࡅ ࠸ ⣲ ὀ ධ Ⅳ ໬ ࡅ ࠸ ⣲ ᮦ ᩱ ࡛ 㐀 ࡽ ࢀ ࡓ ࣛ ࢪ ࢔ ࣥ ࢺ ࢳ ࣗ ࣮ ࣈ

࡛ N 2 - H 2 - C O 㞺ᅖẼ࡛ 1 5 7 3 K ௨ୖࡢ ᗘ࡛౑⏝࡛ࡢ࡝࡞ࡿࡁሗ࿌ࡉ࡞ࡀ

㸪ࡀࡓࢀ ᮏ◊✲࡛ࡣ 1 9 8 7 ᖺ࡟ȭ 9 0ェȭ 7 6ェ1 2 5 0 m m ᑠᆺࡢ ࢚ࣥࣝࢢࣥࢩ

ᆺࢻ 㸪2ࣈ࣮ࣗࢳࢺࣥ࢔ࢪࣛ 0 0 0 ᖺ㡭࡟ȭ 2 0 0ȭェ 1 8 0ェ 2 0 0 0 m m ⛬ᗘࡢ ኱ᆺ

ࢪࣛ ࣥ࢔ ࢳࢺ ࣗ ࣈ࣮ ࢆ 㛤 Ⓨࡋ 㸪 ࢀࡇ ᾐࢆ Ⅳ⅔ ࡞ ࡢ࡝ 㔠ᒓ ⇕ฎ ⌮ ⅔ ࡸ ┿✵

ࡿࡁ࡛ࡢ㞺ᅖẼㄪᩚ࡞࠺ࡼࡢ⅔ ࡢ⅔ ᨺᑕ ຍ⇕ ※ ࡋ࡜ ࡚ᐇ ⏝໬ ࡋ ࡓ ( 3 )㹼 ( 7 )㸬  

ࡇ ࢀ ࡲ ࡛ ᾐ Ⅳ ⅔ ࡛ ౑ ⏝ ࡉ ࢀ ࡚ ࡁ ࡓ ⪏ ⇕ 㗪 㗰 S C H 2 4 *〇 ࣛ ࢪ ࢔ ࣥ ࢺ ࢳ ࣗ

ࡣࣈ࣮ 1 2 5 0 K ࡀ㸪⾲㠃㈇Ⲵᐦᗘࡸᗘᇦ ࡿ࠼㉸ࢆ 4 0 k W / m
2 ⛬ᗘ௨ୖ࡛౑

ࡾࡼ࡟ຎ໬࡜ࡿࡍ⏝ 2㹼 3 ᖺ࡛஺᥮ࡿࡍሙྜࡀከ࠸㸬⪏⇕㗰ࡢ⪏⇕ᛶࡸ⪏

⭉㣗ᛶᨵၿ࡟୙ྍḞࡣࣝࢣࢵࢽ࡞㸪2 0 0 2 ᖺࡢ౯᱁ࡀ 6 . 7 8 U S ࣝࢻ / k g ࠶࡛ 

㸪ࡀࡓࡗ 2 0 0 7 ᖺࡣ࡟ᛴ㦐ࡋ⣙ 5 . 5 ಸࡢ 3 7 . 2 8 U S ࣝࢻ / k g
( 8 ࠿࡜ࡇࡓࡗ࡞࡟(

㸪ࡽ ᡃࡀ ᅜ⏘ ᴗ ࡢ⏺ 㟂⤥ 㛵ಀ ࡣ ΰ஘ ࡓࡋ 㸬௒ ᚋ ᪂ࡣ ⯆ᅜ ᾘࡢ ㈝ 㔞ቑ ኱࡞

࡚ࡋᑐ࡟ࢀࡇ㸬ࡿࢀࡉᠱᛕࡀ㈨※୙㊊ࡿࡼ࡟࡝ S S i C ࣈ࣮ࣗࢳࢺࣥ࢔ࢪࣛ

ࡢ㔠ᒓ〇ࡣ㸪ᑑ࿨ࡾ࠶࡛⬟〇㐀ྍ࡟ࡎ࠸⏝ࢆᕼᑡ㔠ᒓࡢከ㔞ࡣ 2 ಸ௨ୖ

࡛ᗫᲠ≀ࡢపῶ࡟ᐤ୚࡛ࡿࡁ 㸬  

F i g . 2 . 1 ᆺࢻ࢚ࣥࣝࢢࣥࢩࡓࡋ⨨タ࡟Ỉᖹ࡟ S S i C ࣈ࣮ࣗࢳࢺࣥ࢔ࢪࣛ

⏝ࢆ ࡓ࠸ 㔠ᒓ 㒊 ရࡢ ⇕ฎ ⌮⅔ ࡢ ౛ࢆ ࡋ♧ 㸬ࡓ ࡇ ⅔ࡢ ୖࡣ 㒊ᖏ ࡟ ࣗࢳ ࣈ࣮

ࡀ 1 4 ᮏタ⨨ࡓࢀࡉᑠᆺ⅔࡛ࡀࡿ࠶㸪࣓ࡾࡼ࡟ࢺࣝ࣋ࣗࢩࢵ㏦ࡾ㎸ࡓࢀࡲ

⿕ฎ ⌮≀ ᨺࢆ ᑕ ຍ⇕ ࡿࡍ 㸬 ኱ つ ᶍ࡞ ⅔࡛ ୖࡣ 㒊 ᖏ࡜ ୗ㒊 ᖏ࡟ ࡑ ࡒࢀ ࣛࢀ

ࡀࣈ࣮ࣗࢳࢺࣥ࢔ࢪ 8 0㹼 9 0 ᮏタ⨨ࡿࢀࡉሙྜࡿ࠶ࡀ㸬ࢻ࢚ࣥࣝࢢࣥࢩᆺ

ࢪࣛ ࣥ࢔ ࢳࢺ ࣗ ࣈ࣮ 㸪ࡣ ୍᪉ ࡢ ࡀ➃ ᑒࡌ ࢀࡽ ࡓ እ⟶ 㸪࡜ ࡢࡑ ୰ ࡛ⅆ ࡀ⅖

ࢀࡉ஧㔜⟶࡛ᵓᡂࡢ࡜⟶ෆࡿࡍ↝⇞ 㸪⇞↝᤼࢞ࢆࢫ⅔ෆ࡟᤼Ẽ࠸࡞ࡋᵓ  

 

S C H 2 4 * :  ⪏⇕㗰ࡢ㗪㗰ရ୍ࡢ✀㢮࡛ 㸪 0 . 3 5 0 . 7 % C㸪 3 3㹼 3 7 % N i㸪  

2 4㹼 2 8 % C r 㸬ࡴྵࢆ  
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㐀 ࡛ ࡿ࠶ 㸬⅔ య ࡢ࡬ ࡾྲྀ ௜ࡅ ࡣ 㸪ᆶ ࡢ┤ ሙྜ ࡶ ࡿ࠶ 㸪ࡀ ࣛࣇ ࣥ ࡟ࢪ ࡿࡼ

∦ᣢ ࡚ࡗࡀࡓࡋ㸬࠸ከࡀሙྜࡢỈᖹᨭᣢࡕ S S i C ᮦᩱ࣮ࣗࢳࢺࣥ࢔ࢪࣛࢆ

࡚ࡋ࡜ࣈ ᐇ⏝໬ ࡣၥ㢟Ⅼ࡞୺ࡢ࡛ୖࡿࡍ 㸪  

ձᶵᲔⓗᛶ㉁ࡀ༑ศ࡛ ಙ㢗ᛶࡿ࠶ࡀ ࡜ࡇ  

ղⅆ⅖ࡿࡼ࡟ ⇕⾪ᧁ ࡜ࡇࡿ࠼⪏࡟  

ճ㓟໬ຎ໬࡜ࡇࡿ࠼⪏࡟  

㸪ࡣ࡛✲◊ᮏ࡛ࡇࡑ㸬ࡿࢀࡽࡆ࠶ࡀ S S i C ኱ᆺࣛࣈ࣮ࣗࢳࢺࣥ࢔ࢪ 〇㐀ࡢ  

ᢏ⾡ ☜ࢆ ❧ ࡉ ࡏ 㸪ᇶ ᮏⓗ ᛶ㉁ ࡢ  ᐃ 㸪ᐇ ᶵヨ 㦂 ࡼ࠾ ᐇࡧ ᶵヨ 㦂 ࣮ࢹ ࢆࢱ

ᵓ㐀ゎᯒࡓ࠸⏝ ࡝࡞ 㸬ࡓࡳヨࢆゎỴࡢၥ㢟Ⅼࡢࡽࢀࡇࡾࡼ࡟  

ᮏ◊✲ࡢ┠ⓗࡣ㸪 S S i C ኱ᆺࣛࢆࣈ࣮ࣗࢳࢺࣥ࢔ࢪ ຎᝏ࡞⎔ቃୗ࡛Ᏻ

඲࡟౑⏝ࡿࡍ᪉ἲࢆ㛤Ⓨࡿ࠶࡛࡜ࡇࡿࡍ㸬  

 

 

 

 

 

 

F ig .2 .1  Rad iant  tubes  wi th  cant i l ever  on  fu rnace  of  heat  t r ea tmen t .  

 

 

 

 

 

 

 

R a d i a n t  t u b e  

M e s h  b e l t  c o n v e y o r  

P r e h e a t i n g  z o n e  H e a t i n g  z o n e  

W o r k s  

O i l  b a t h  
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2.2  ヨ㦂ᮦᩱࡧࡼ࠾ヨ㦂᪉ἲ  

2 .2 .1  ヨ㦂ᮦᩱ   

SSiC ࣇࡿࢀࡉࢃྜࡳ⤌࡜㔠ᒓ㒊ရ࡟㸪౑⏝᫬ࡣ〇㐀ࡢࣈ࣮ࣗࢳࢺࣥ࢔ࢪࣛ

ຍࡣ㒊ศࡢ㸪௚ࡀࡿࡍຍᕤ࡟ࣉ࢖࢙ࢩࢺࢵࢿ࢔ࢽ࡛⛬ᕤࡢ๓⤖↝ࢆ㒊ࢪࣥࣛ

ᕤ࠸࡞ࡋ㸬 Table2 .1 㸪ࡋ⼥⁐㓟ࡣ࠸ࡿ࠶ࣜ࢝ࣝ࢔࡟ ICP*࡛ ᐃࡓࡋ୙⣧≀㔞

㸬ࡓࡋ♧࡚ࡋẚ㍑࡜ᕷ㈍ရࢆ SSiC 㸪ࡾ࠶Ⅳ⣲࡛࡜⣲࠸ࡅࡀ㸪኱㒊ศࡣᡂ⤌ࡢ

௚ࡢᡂศࡣῧຍࡓࡋ↝⤖ຓᮦ࡜㸪ཎᩱࡢⅣ໬࠸ࡅ⣲⢊〇㐀᫬࡟ΰධࡓࡋ୙⣧

㸬ࡿ࠶࡛≀  Fe㸪 Ni㸪 Cr ࡢࢺࢵࢦࣥ࢖⣲࠸ࡅⅣ໬ࡓࢀࡉ〇㐀࡛⅔ࣥࢯࢳ࢔ࡣ

⢊○ᕤ⛬࡛⿦⨨ࡢᦶ⪖ࡾࡼ࡟ΰධࡋ㸪 Al ࡸ Ti 㸬ࡿࡍΰධࡽ࠿▼⌛ࡢཎᩱࡣ

ࡢ✲◊㸪ᮏࡀࡿ࠶ඖ⣲࡛ࡓࢀࡉ㓄ྜࡣ⣲࠺࡯ SSiC ᮦᩱ࠺࡯ࡣ⣲ῧຍ㔞ࡢᑡ

㸬ࡿ࠶ᮦᩱ࡛ࡢ㛤Ⓨ⮬⊃࠸࡞  

F ig .2 .2 ȭࡀᑍἲ࡟ 184ェȭ 170ェ2000mm㸪㔜㔞 28kg ࡢ SSiC ࢳࢺࣥ࢔ࢪࣛ

እ⟶㸪Figࣈ࣮ࣗ .2 .3 ࡣ㸪㡬㒊࡛ࢪࣥࣛࣇࡀୗഃࡢ㸬ᅗ࡛ࡓࡋ♧ࢆ〇ရᅗ㠃࡟

ࡿࢀࡽࡅ௜ࡾྲྀ࡛ࢺࣝ࣎࡟㔠ᒓ㒊ᮦࡣ㒊ࢪࣥࣛࣇ㸬ࡿ࠸࡚ࢀࡽࡌᑒ࡟≦⌫༙

㸬ࡿ࠶ែ࡛≦ࡓࢀࡉᡂᙧࡣ㒊⟶┤ࡸ㸪㡬㒊ࡀࡿࢀࡉᶵᲔຍᕤ࡟ᡂᙧᚋࡵࡓ  

F ig .2 .4 ࡜ Fig .2 . 5 㸬ࡓࡋ♧ࢆ⧊⤌ᚤ⣽࡟ Fig .2 . 4 ᚤ⣽ࡓࡋࢢࣥࢳࢵ㓟໬࢚ࡣ

Ⰽࡿࡍ࿊ࡽ࠿࠸㐪ࡢ㓟໬⛬ᗘࡿࡼ࡟ᬗ᪉఩⤖ࡢ⣲⢊࠸ࡅ㸪Ⅳ໬ࡀࡿ࠶࡛⧊⤌

㸪ࡾ࡞␗ࡀ࠸ྜ 1ȝm ⛬ᗘࡢ⢏Ꮚࢆ㆑ู࡛ࡿࡁ㸬 0.2ȝm ⛬ᗘ࡛㯮ࡃⅬᅾ࠸࡚ࡋ

㸬ࡿ࠶࡛࡝࡞⑞㊧ࡢ⢏Ꮚࡓࡋⴠ⬺࡟᫬☻◊ࡸẼᏍࡿ࠶࡟㔜Ⅼ୕ࡢ⏺㸪⢏ࡣࡢࡿ

㓟໬࢚ࢢࣥࢳࢵฎ⌮ࡣ୙⣧≀ࡢΰධ༙࡟࠺ࡼ࠸↓ࡀᑟయホ౯⏝ࡢ㓟໬࣭ᣑᩓ

ࡣ࣮ࣂ࣮ࣝࢣࢫ㸬ࡓ࠸⏝ࢆ⅔ 5ȝm 㸬 Fࡿ࠶࡛ ig .2 .5 ࡟ Fig.2 .4 〇㐀ࡿ࡞␗ࡣ࡜

ࡢࢺࢵࣟ SEM**ീࡓࡋ♧ࢆ㸬⤌⧊ࢺࢡ࣌ࢫ࢔ࡣẚࡢ኱࠸ࡁ⢏Ꮚࡀࡴྵࢆ㸪⢏

ᚄᩘࡣȣm ⛬ᗘ࡛ࡾ࠶㸪ࡕᐦࡿ࠸࡚ࢀࡉ⤖↝࡟㸬  

 

 

 

 

 

ICP*㸸ࢶ࣓ࣥࣝࢶࢫࣥ࢖࣮ࢥ࢖ࢭओ Vis t a -PRO 

SEM**㸸 (ᓥὠ EPMA-1610)  
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Table2 .1  Impur i t i es  in  a  SSiC    (ppm)  

 

       R&D*  Marke t**  

 

 

Closed  top  o f  hemisphere  

 

Flange  

Fig .2 .2  Oute r  tube  of  SSiC  radiant  tube  of  ȭ 184ェȭ 170ェ2000mm.  

 

 

R&D*㸸ᮏ◊✲㛤Ⓨရ        Market**㸸௚♫ရ௦⾲  ್

Fe Ni Cr Al Ti B

 R&D 38 6 3 72 56 990

Market 79 14 10 160 20 3800
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F ig .2 .3 Produc t  d rawing o f  a  r ad i an t  t ube .  

 

 

ȭ 1 8 4  R 8 5  
R 9 2  

2 0 0 0  

ȭ 1 7 0  

ȭ 2 3 5  

1 0  
R 5  
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  S iC par t ic le s  

                                               Po re  

          

F ig .2 .4  Microscopic  s t ructure  o f  t hermal  e tched  SSiC .   

 

 

 

Fig .2 . 5  SEM image of  SSiC  micros t ructure .  
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2.2 .2  ヨ㦂᪉ἲ  

ᐊ ୗ࡛ࡢ 3 Ⅼ᭤ࡆᙉࡉ ı b  㸪ࡧࡼ࠾⇕㛫᭤ࡆᙉࡉ ı b ࢀࡒࢀࡑࡣᐃ ࡢ 

J IS
( 9 ) ( 1 0 ࡟ࡵࡓࡢ᥎ᐃࡢ⋠☜㸪◚ቯࡣゎᯒࡢࢱ࣮ࢹ㸬ࡓࡋᣐ‽࡟( J IS ࡉ♧㛤࡟

2࣭ࢻ༢୍࣮ࣔࡿ࠸࡚ࢀ ẕᩘ࣡ࣝࣈ࢖ศᕸ㛵ᩘ ( 1 1 ᑍἲȭࡣ㸬ヨᩱࡓ࠸⏝ࢆ( 65×

ȭ 53×1200mm ࡟᪉ྥࡉ㛗ࢆ⟶ෆࣈ࣮ࣗࢳࢺࣥ࢔ࢪࣛ⏝ᮍ౑ࡢ 10 ➼ศࡋ㸪ࡑ

ࡽ࠿∦ࡾ㍯ษࡢࢀࡒࢀ 3 ᮏࡢ 3×4×40  mm 㸪ྜィࡋ᥇ྲྀࢆ∦ヨࡢ 30 ᮏࢆ ᐃ

㸬ࡓࡋ౪࡟  

ࡾࡼ࡟᫬㸪⮬㔜ࡓࡋỈᖹᨭᣢࡕᣢ∦࡛ࢪࣥࣛࣇࢆ⟶እࣈ࣮ࣗࢳࢺࣥ࢔ࢪࣛ

Ⓨ⏕ࡿࡍᛂຊࡸ㸪ᐇ⏝໬᳨ࡢ࡬ウ࡛ࡢఏ⇕ゎᯒ࣒ࢸࢫࢩࢺࢵࢿࣂ࢖ࢧࡣओỗ

⏝᭷㝈せ⣲ἲࢻ࣮ࢥ ANSYS Ver .5 .5 㸬ࡓ࠸⏝ࢆ࣒ࣛࢢࣟࣉ  

㧗 ࡽ࠿ᮦᩱࢆỈ୰ᢞୗࡿࡍヨ∦࡛ࡢヨ㦂ࡣ㸪 J IS
( 1 2 㸬ࡓࡋᣐ‽࡟᪉ἲࡢ(

ⅆ⅖ࡿࡼ࡟⪏⇕⾪ᧁᛶヨ㦂ࡣ㸪᪂つ࡟〇㐀ࡢࣈ࣮ࣗࢳࢺࣥ࢔ࢪࣛࡓࡋෆ⟶㸪

እ⟶ࢆᐇᶵྠᵝ࡟ヨ㦂⅔࡟∦ᣢࡕỈᖹᨭᣢࡋ㸪ࢼ࣮ࣂⅆ⅖ࡿࡼ࡟ᛴ⇕㸪ࡿ࠶

㸬ࡓࡋᛴ෭ࡾࡼ࡟Ẽ✵⏝↝⇞ࡣ࠸   

㸪SSiCࡣ㓟໬ᛶヨ㦂⪏ࡿࡼ࡟⅖ⅆࢼ࣮ࣂ ᮦᩱࡢࣈ࣮ࣗࢳࢺࣥ࢔ࢪࣛࡀᐇ⏝

 ᗘᇦ࡛ࡣ▷ᮇ㛫࡛㓟໬ࡋ㞴ࡵࡓ࠸㸪〇㕲ᡤ࡛✌ാࣈࣛࢫࡿ࠸࡚ࡋຍ⇕⅔௙

ษࡾቨࡓ࠸⏝࡟㒊ᮦࡽ࠿ヨᩱࢆ᥇ྲྀ࡚ࡋ EPMA ඖ⣲ศᯒࡾࡼ࡟㓟໬≧ែࢆㄪ

Ỉᖹᨭᣢ࡛㛗ᮇ㛫౑ࡕ㸪∦ᣢࡣᐃヨ㦂 ࡉᙉࡆ᭤ࡢࡵࡓࡿ࡭ㄪࢆ㸬ຎ໬ࡓ࡭

㸬ࡓ࠸⏝ࢆࣈ࣮ࣗࢳࢺࣥ࢔ࢪࣛࡓࡋ⏝  
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2.3  ヨ㦂⤖ᯝࡧࡼ࠾⪃ᐹ  

2 .3 .1 ᐊ ࡛ࡢᶵᲔⓗᛶ㉁    

ᮏ㛤Ⓨ SSiC ᮦᩱࡢᐊ ୗ࡛ࡢ௦⾲ⓗᶵᲔⓗᛶ㉁ࢆᕷ㈍ရࡢ SSiC ࡋẚ㍑࡜

࡚ Table2 .2 㸬ᮏ㛤Ⓨࡓࡋ♧࡟ SSiC ᮦᩱࡢᐦᗘ 3160kg/m
3 ࠸ࡅ༢⤖ᬗⅣ໬ࡣ

⣲ࡢᐦᗘ 3210kg/m
3 ⣙ࡢ ᶵᲔⓗᛶ㉁ࡢ࡛ 㸪ᐊࡾ࠶ᮦᩱ࡛࡞ᐦ⦔ࡿ࠶98%࡛

㸬ࡿ࠶࡛➼ྠࡰ࡯㸪ࡃ࡞ࢀࡽࡵㄆࡣ࠸㐪࡝ࢇ࡜࡯࡜ᕷ㈍ᮦᩱࡣ  

 

 

 Table2 .2  Mechan ical  p roper t ie s  of  a  SSiC.  

 

   

ı b 㸪ࢆ࢟ࢶࣛࣂࡢ  Fig .2 .6 ᖹᆒࡿࡼ࡟㸬᭱ᑬἲࡓࡋ♧ศᕸᅗ࡛ࣝࣈ࢖࣡࡟

ࡣ್ 450MPa㸪࣡ࣝࣈ࢖ಀᩘࡣ m=13 㸬ࡿ࠶࡛ m=13 ࢟ࢶࣛࣂࡢᙉᗘࡣホ౯ࡢ

㸪ࡀࡿຎࡾࡼ㔠ᒓࡣ࡛ SSiC ᮦᩱ୍࡛ࡢ⯡ⓗ್࡞ ( 1 3 㸬ࡿ࠶࡛(  

 

 

 

 

 

 

 

 

 

 

 

 

 

ı b E ȡ Į ț Ĳ
MPa GPa kg/m³ 10

-6
/K W/(m䞉K) ȍm

 R&D 450 420 3160 4.5 170 10
2㹼10

4

Market 430 400 3130 4.5 140 10
1㹼
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F ig .2 .6  W eibul l  p robabi l i t y p lo t  o f  bending  s t rength  of  a  SSiC.  
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2.3 .2  ⇕㛫᭤ࡆᙉࡉ    

ࡉᙉࡆ㛫᭤⇕ࡿࡍᙳ㡪࡟ᑑ࿨ࡢࣈ࣮ࣗࢳࢺࣥ࢔ࢪࣛ ı b 㸪ࡋᐃ ࢆ  Fig .2 . 7

᥇ྲྀ࡟ᵝྠ࡜ሙྜࡓࡋసᡂࢆศᕸᅗࣝࣈ࢖࣡ࡢ๓㡯ࡣ㸬ヨᩱࡓࡋ♧ࢆᯝ⤖࡟

ࢼ࣑ࣝ࢔㸬ࡓࡋసᡂࡋ Ꮡᅾࡀ≀㓟໬࡟⏺㸪⢏ࡸࢫࢡࢵ࣑ࣛࢭ≀㓟໬ࡢ࡝࡞*

ࡼ࡟㌾໬ࡢ⏺⢏ࡣ࡛ 㧗ࡶ࡚ࡗ࠶㸪ᐊ ࡛㧗ᙉᗘ࡛ࡣᮦᩱࢫࢡࢵ࣑ࣛࢭࡿࡍ

㸬ࡿ࠸࡚ࢀࡽ▱ࡀ࡜ࡇࡿࡍᙉᗘపୗ࡚ࡗ Lasen
( 1 4 ❅⤖↝཯ᛂ࡟࠺ࡼࡓࡋ♧ࡀ(

໬࠸ࡅ⣲ (RBSN)ᮦᩱࡣ 1500K ⛬ᗘࡽ࠿ ı b ࡋᏑᅾࡀ≀㸪㓟໬ࡀࡿ࠶ࡀపୗࡢ

ࡢᮏ㛤Ⓨ࠸࡞ SSiC ᮦᩱࡣ㸪ࣛࣈ࣮ࣗࢳࢺࣥ࢔ࢪෆ⟶ࡢᐇ⏝ ᗘᇦ࡛ࡿ࠶

1600K ⛬ᗘ࡚࠸࠾࡟ ı b 㸬࠸࡞ࢀࡽࡵㄆࡣపୗࡢ   

 

 

                                 RBSN ( Lasen
( 1 4 )

)  

 

 

 

 

 

ࢼ࣑ࣝ࢔ * :  㓟໬࣒࢘ࢽ࣑ࣝ࢔   Al 2 O 3  

F i g . 2 . 7  B e n d i n g  s t r e n g t h  o f  a  S S i C  a t  h i g h  t e m p e r a t u r e .  

S S i C  
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2.3 .3 ᛂຊࡿࡍ⏕Ⓨ࡟ࢪࣥࣛࣇ     

㧗 ࡛ࡶ๛ᛶࡢ㧗࠸ SSiC ྞ࡟┤ᆶࡽ࠿ኳ஭ࡢ⅔㸪ࡣࣈ࣮ࣗࢳࢺࣥ࢔ࢪࣛ

ࢀࡉ⏝౑࡚ࢀࡉ⨨Ỉᖹᨭᣢ࡛タࡕᣢ∦ࡿࡼ࡟ࢪࣥࣛࣇ㸪ࡃ࡞࡛ࡅࡔࡿࡆୗࡾ

ᛂຊࡿࡍ⏕Ⓨ࡟⟶እࣈ࣮ࣗࢳࢺࣥ࢔ࢪࣛࡾࡼ࡟㔜⮬ࡵࡓࡢࡇ㸬࠸ከࡀ࡜ࡇࡿ

᭷㝈せ⣲ἲࢆ ANSYS 㸬ࡓࡋ⟭ィࡾࡼ࡟࣒ࣛࢢࣟࣉ Fig .2 .8 ȭࡀᑍἲ࡟ 164×ȭ

148×1900mm㸪ࡢࢪࣥࣛࣇ኱ࡀࡉࡁȭ 204mm㸪ཌࡉ 10mm ࢳࢺࣥ࢔ࢪࣛࡿ࠶࡛

㸬ᅗ୰ࡓࡋ♧ࢆែ≦ࡓࡋỈᖹᨭᣢ࡟ᵝྠ࡜᪉ἲࡅ௜ྲྀࡢᐇᶵ࡛ࢆ⟶እࣈ࣮ࣗ

ࡢ L f㸪R s ⾲ࢆࢻࣥ࢘ࣛࡢ㒊ࡾࡀୖ❧ࡢࡽ࠿㒊⟶┤࡜ࡉཌࢪࣥࣛࣇࢀࡒࢀࡑࡣ

㸬Figࡍ .2 .9 㸪ྲྀࡣ㸬ᛂຊࡓࡋ♧ࢆࡉࡁ኱࡜⨨఩ࡢ኱ᛂຊ᭱ࡿࡍ⏕᫬Ⓨࡢࡇ࡟

㸪ࡋ⏕Ⓨࡀᅽ⦰ᛂຊ࡟➃㒊ୖࢪࣥࣛࣇ࠺ྜࡾ➇࡜࣮ࢲ㔠ᒓ〇࣍ࣝࡢ⏝ࡅ௜ࡾ

┤⟶㒊ࡾࡀୖࡕ❧ࢪࣥࣛࣇࡢࡽ࠿㒊ศࡣ࡟ᘬᙇᛂຊࢆⓎ⏕ࡀࡿࡍ㸪኱ࡣࡉࡁ

8.1MPa 㸬Table2ࡿ࠶࡛ .3 ࡟ 3 ✀㢮ࡢᑍἲࣈ࣮ࣗࢳࢺࣥ࢔ࢪࣛࡿ࡞␗ࡢእ⟶ࡢ

᭱኱Ⓨ⏕ᛂຊ್ࡓࡋ♧ࢆ 㸬᭱ ኱Ⓨ⏕ᛂຊࡢⓎ⏕఩⨨ࡶࢀࡎ࠸ࡣ Fig.2 .9 ࡋ♧࡟

ȭ࠸ࡁ኱ࡢᑍἲࡶ㸪᭱ࡾ࠶࡛⨨఩ࡓ 184ェȭ 170ェ2200mm㸪㔜㔞 30kg ሙྜࡢ

ࡣᛂຊ್ࡢ 11 .3MPa 㸬ࡿ࠶࡛  

 

       L f  

 

                          

                                                     (mm)  

Fig .2 .8  Schemat ic  d iagram  of  can t i l evered  s ingle -end  rad iant  t ube .  

 

 

 

Holder

SiC outer tube ȭ164

Gravity

1900

R s  
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                           150mm  

Fig .2 .9  Computed  s t r es s  d i s t r i but ion  around the  f l ange  of  

 1900mm length  rad i ant  tube .  

 

 

 

           Table2 .3  S iz e  of  oute r  t ube  and  cal cul a t ed  s t r ess .  

         

 

 

 

 

   Size of tube (mm) Stress (MPa)

   ȭ164×ȭ148×1900 8.1

   ȭ184×ȭ170×2000 10.3

   ȭ184×ȭ170×2200 11.3

M a x  s t r e s s  

 

( P a )  
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2.3 .4 㐺໬᭱ࡢࢪࣥࣛࣇ   

ࡣࢪࣥࣛࣇࡿࢀࡉ⏝Ỉᖹᨭᣢ࡛౑ࡕ㸪∦ᣢࡀࡿࢀࡉయᡂᙧ୍ࡣࢪࣥࣛࣇ

༑ศ࡞ᙉᗘࢆ᭷ࡋ㸪〇㐀㠃࡛ࡣ┤⟶㒊ࡽ࠿ᆶ┤ࡿࡀୖࡕ❧࡟ᙧ≧࡛ࡓࡿ࠶

ࡢࡇ㸬ࡿࢀࡽࡵồࡀ࡜ࡇ࠸ࡉᑠࡀኚᙧ࡟ᐜ࡛᫆㸪↝⤖᫬ࡀຍᕤࡢᡂᙧయࡵ

እ⟶ȭࣈ࣮ࣗࢳࢺࣥ࢔ࢪࣛࡓࡋ⨨タ࡟᪉ྥ⦪࡛⅔✵┿ࡵࡓ 179ェȭ 165ェ

2200mm ࣇࡣ㸬ᨭᣢ᪉ἲࡓࡋ⟭ィࢆᚄ༙ࢻࣥ࢘ࣛ࡜ࡉཌࢪࣥࣛࣇ࡚࠸⏝ࢆ

ࢆ㒊ࢪࣥࣛ O ࡿ࡞࡟✵┿ࡀ኱Ẽᅽ࡛⅔ෆࡀ㸪┤⟶㒊ෆࡋᅛᐃࡾࡼ࡟ࢢࣥࣜ

ሙྜ࡟㔜ຊࡀస⏝ࡓࡋ࡜ࡿࡍ㸬ࢪࣥࣛࣇཌࢆࡉ L f  㸪༙ࣛ࢘ࣥࢻᚄࢆ R s ࡜

㸬ࡓࡋ⌮ᩚࢆᛂຊࡿࡍ⏕Ⓨ࡚ࡋ  

F ig .2 .10 ࡟ R s ࢆ 5mm 㸪ࡋ࡜  L f ♧ࢆኚ໬ࡢᛂຊࡿࡍ⏕᫬Ⓨࡓࡏࡉኚ໬ࢆ

㸬Lࡓࡋ f ࡟㸪㏫ࡾ࡞ࡃࡁ኱ࡣᛂຊ್࡜ࡿࡍࡃࡉᑠࢆ L f ᛂຊ࡜ࡿࡍࡃࡁ኱ࢆ

㸪ࡀࡿ࡞ࡃࡉᑠࡣ್ L f ࡀ 10mm ⛬ᗘ࡛ᛂຊ್୍ࡰ࡯ࡣᐃࡾ࡞࡟ᙉᗘⓗ࡟඘

ศ࡛ࡿ࠶㸬 Fig .2 .1 1 ࡟ L f ࢆ 10mm ࡢሙྜࡓࡋ࡜ R s 㸬ࡓࡋ♧ࢆ㛵ಀࡢᛂຊ࡜

R s ࡀ 5mm ⛬ᗘ࡛ᛂຊࡢኚ໬ࡣᑠࡃࡉ㸪R s =5mm ࡉุ᩿࡜ࡿ࠶༑ศ࡛ࡤࢀ࠶

ᩘࡣᛂຊ್ࡶࢀࡎ࠸㸬ࡿࢀ MPaࡢ⠊ᅖ࡛ࡾ࠶㸪ᮦᩱᙉᗘ࡟ẚ࡜ࡿ࡭ᑠ࠸ࡉ㸬

ࢆࡉཌࡢࢪࣥࣛࣇࡽ࠿࡜ࡇࡢࡇ 10mm㸪ࣛ ࡀࢻࣥ࢘ 5mm  㸬ࡓࡋ࡜ᶆ‽ᑍἲࢆ
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F ig .2 .10  Re la t ion  between max imum s t ress  and  th i ckness  of  f lange .  

 

 

Fig .2 .11  Re la t ion  between max imum s t ress  and  rad ius  o f  rounding  chamfer .  

 

10 20 300
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20
Lfࢆኚ᭦ࡓࡋሙྜ
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a
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L f =1 0 mm  

Rad i us  mm  

Th i ckn es s  o f  f l a nge   ( mm)  

Max i mu m s t r e s s  (M Pa )  

Max i mu m s t r e s s  (M Pa )  
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2.4  ኱ᆺࣛࡢࣈ࣮ࣗࢳࢺࣥ࢔ࢪ⾲㠃 ᗘศᕸ  

2 .4 .1  ヨ㦂᪉ἲ  

㸬Figࡓ࡭ㄪࢆᗘศᕸ≧ែ ࡢ㠃⾲ࣈ࣮ࣗࢳࢺࣥ࢔ࢪ኱ᆺࣛࡿࡼ࡟↝⇞ .2 .12

ࡓ࠸⏝࡟㸬ヨ㦂ࡓࡋ♧ࢆᴫ␎ᅗࡢ⨨ヨ㦂⿦࡟ SSiC ⟶እࣈ࣮ࣗࢳࢺࣥ࢔ࢪࣛ

㸪ȭࡣᑍἲࡢ 184ェȭ 170ェ1960mm㸪ෆ⟶ࡣȭ 140ェȭ 110ェ2100mm 㸪1ࡾ࠶࡛

࡟ࡳ⤌ᯟࡢ㸪㗰〇ࡣ⅔㸬ヨ㦂ࡓࡋ⨨タ࡟Ỉᖹ᪉ྥࡕᣢ∦࡟ᐇᶵྠᵝࢆࢺࢵࢭ

⣙ࡀෆഃᑍἲࡓࡋࡾෆᙇࢆࣂ࢖࢓ࣇࢡ࣑ࣛࢭ 500ェ1000ェ1800mm ⅔ᶓᆺࡢ

ࢫ㒔ᕷ࢞ࡣᩱ⇞ࡓ࠸⏝㸬ࡿ࠶࡛ 13A ࡣᐃ᱁⇞↝㔞ࡢࢼ࣮ࣂ㸪ࡾ࠶࡛ 116kW ࡛

ࡣ ⅔㸬ࡿ࠶ R ⇕㟁ᑐୖࣈ࣮ࣗࢳࢺࣥ࢔ࢪ࡚ࣛ࠸⏝ࢆ㠃࡜⅔ኳ஭ቨࡢ࡜୰㛫

఩⨨࡛  ࡋ㸪⾲㠃 ᗘࢪࣥࣛࣇࡣഃࡢ⅔ቨࡽ࠿㛗ࡉ᪉ྥ࡟ 150㸪510㸪810㸪

1110㸪 1410mm ఩⨨ࡢ⅔ኳ஭㒊࡟タࡓࢀࡽࡅ᤼Ẽཱྀࡽ࠿ᨺᑕ ᗘィ࡚࠸⏝ࢆ

 ᐃࡓࡋ㸬⅔ ࡣ⅔ᗏ㒊ࡽ࠿ᐊ ⣙ 290K Ẽ✵ࡢ 23㹼 25m
3
[normal ] /h ᑟධࢆ

㸬ࡓࡋ ᪼࠼୚ࢆ㈇Ⲵ࡟ࣈ࣮ࣗࢳࢺࣥ࢔ࢪ㸪ࣛࡾࡼ࡟࡜ࡇࡿࡍ   

 

                  R-Thermocoup le      1960mm  

 

Fig .2 .12  Schemat i c  d i agram of  rad i an t  t ube  fu rnace  for  measurement  o f   

tube  su r face  t emperature .  

ȭ 1 8 4  

S S i C  r a d i a n t  t u b e  

A d j u s t m e n t  A i r  

E x h a u s t  

A s s i s t a n t  b u r n e r  
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2.4 .2  ⤖ᯝ  

F ig .2 .13 ࢆẼẚ✵࡟ m=1.05㸪 1 .17㸪 1.30 ࣗࢳࢺࣥ࢔ࢪࣛࡢ᫬ࡓࡏࡉኚ໬࡟

ࡣ ⅔㸬ࡓࡋ♧ࢆᗘศᕸ ᐃ⤖ᯝ ࡢእ⟶⾲㠃ࣈ࣮ 1510㹼 1525K ࡛᥎⛣ࡓࡋ

ᐃ ࡢ࡛ࡲඛ➃ഃࡽ࠿ഃ⅔ቨ௜㏆ࢪࣥࣛࣇࡣ㠃 ᗘ⾲ࣈ࣮ࣗࢳࡢ᫬ࡢࡇ㸪ࡀ

⠊ᅖ࡛ 1510㹼 1545K ⛬ᗘ࡛ࡿ࠶㸬✵Ẽẚࡀ㧗ࡸࡸ࡜࠸ ᗘࡣపࡿ࡞ࡃഴྥ࡛

ࡶࢀࡎ࠸ࡣᕪࡢ࡜ప ᗘ᭱࡜㧗 ᗘ᭱ࡎࡽࡼ࡟࠸㐪ࡢ㸪✵Ẽẚࡀࡿ࠶ 20㹼

30K ⛬ᗘ࡛ࡽ࠿࡜ࡇࡓࡗ࠶㸪⾲㠃 ᗘࡢᆒ୍ᛶࡣⰋࡿࡁุ࡛᩿࡜࠸㸬  

ᴫ␎࡛ࡀࡿ࠶ࡣ㸪᤼࢞ࢫ ᗘࢻࢵ࣮࣊ࢼ࣮ࣂࡣ㒊࡛ 1030㹼 1045K 㸪ࡾ࠶࡛

⅔య⾲㠃➼ࡢࡽ࠿ᦆኻ⇕㔞ࡀ 1.44㹼 1.53kW ⇕ࡢ⅔㸪ࡽ࠿࡜ࡇࡓࢀࡽࡶ✚ぢ࡜

ຠ⋡ࡰ࡯ࡣ 52㹼 㸬ࡿ࠶59%࡛  

 

 

 

F ig .2 .13  Di s t r ibut ion  o f  su r face  t emperature  wi th  va r ious  bu rn ing  

a i r  r a t i o .  
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2.5  ⪏⇕⾪ᧁᛶ  

2 .5 .1 ᛴ⇕࣭ᛴ෭ヨ㦂ࡿࡼ࡟↝⇞ࢼ࣮ࣂ   

኱ᆺࣛࡣࣈ࣮ࣗࢳࢺࣥ࢔ࢪ㸪⇞↝᪉ἲࡾࡼ࡟୙ᆒ୍࡞ ᗘศᕸࡌ⏕ࢆ㸪ᛂ

ຊࢆⓎ⏕ࡵࡓ࠸᫆ࡋ㸪ᛴ⇕㸪ᛴ෭ヨ㦂ࡓࡋࢆ㸬ヨ㦂ࡣ㸪ቨཌࡉ⣙ 100mm ࡛⅔

ෆᑍἲࡀ⣙ 500×500×2000mm ⅔ヨ㦂ࡓࡋࡾෆᙇࢆࣂ࢖࢓ࣇࢡࢵ࣑ࣛࢭࡿ࠶࡛

ෆ࡟㸪∦ᣢࡕỈᖹᨭᣢࡓࡋ SSiC ࣈ࣮ࣗࢳࢺࣥ࢔ࢪࣛ 1 ᐇ࡚ࡋ⨨タࢆࢺࢵࢭ

᪋ࡓࡋ㸬ࣛࣈ࣮ࣗࢳࢺࣥ࢔ࢪእ⟶ࡢᑍἲࡣȭ 117×ȭ 102×1600mm㸪ෆ⟶ࡣ  

ȭ 80×ȭ 68×1750mm ࢆ⇕ᛴࡿࡼ࡟↝⇞ᐃ᱁ࡢࢼ࣮ࣂࡽ࠿ ᐊࡣ 㸬᪼ࡿ࠶࡛

ࢆస᧯ࡿࡍ㸪⇞↝⏝✵Ẽ࡛ᛴ෭ࡋᾘⅆࢆࢼ࣮ࣂࡣ 㸪㝆ࡋ 10 ᅇ⧞ࡾ㏉ࡓࡋ㸬

 ᗘࡣ㸪ෆ⟶ࡧࡼ࠾እ⟶ࡰ࡯ࡢ୰ኸࡢእ⾲㠃࡟↓ᶵ᥋╔๣࡛ᅛᐃࢫ࣮ࢩࡓࡋ

K ⇕㟁ᑐ࡛ ᐃࡓࡋ㸬⏝ࡓ࠸⇞ᩱࡣ㒔ᕷ࢞ࢫ 13A ࡛㸪ࡢࢼ࣮ࣂᐃ᱁ࡣ 16kW

㸬ࡿ࠶࡛  

F ig .2 .14 㸪Fig.2 ᪼࡟ .1 5 㛤ࡽ࠿ ᐊࡣ 㸬᪼ࡓࡋ♧ࢆᗘኚ໬ ࡢ㝆 ᫬࡟

ጞࡋ㸪ࢼ࣮ࣂⅬⅆᚋ⣙ 10 ࡟ᚋࡓ⤒ࢆࣉࢵ࢔࣒࢛̿࢘ࡢ⛊ 10 ศ㛫ᐃ᱁⇞↝ࡉ

ᗘ㸩㏿ࡣ᫬ෆ⟶⾲㠃 ᗘࡢࡇ㸪ࡀࡓࡏ 0 .8K/s ไᚚࢆᚋฟຊࡢࡑ㸬ࡓࡋ᪼ୖ࡛

⣙㸩ࡋ 0 .1K/s ⣙࡟࠿ࡽ⁥࡛ 1400K ⣙ࡀ㸪ෆ⟶ ᗘࡣ 㸬㝆ࡓࡋ ࡛᪼ࡲ 1400K

ࡣ㝆 ㏿ᗘࡢ᫬ࡢࡇ㸪ࡀࡓࡋ෭༷࡚ࡋὶࡳࡢ㸪⇞↝⏝✵ẼࡵṆࢆ↝⇞࡛  

㸫 0 .9K/s 㸬ࡓࡗ࠶࡛ SSiC 㸪ࢀ๭ࡿࡼ࡟ヨ㦂ࡢࡽࢀࡇࡣ࡟ࣈ࣮ࣗࢳࢺࣥ࢔ࢪࣛ

Ḟࡅ㸪᭤ࡢ࡝࡞ࡾࡀ␗ᖖࡢⓎ⏕࠸࡞ࡣ㸬   
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F ig .2 .14  F luctua t ion  in  t emperatu re  o f  SSiC  inner  tube ,  ou te r  t ube  

and  fu rnace  on  rap id l y heat ing up  b y b urning .  

 

 

Fig .2 .15  F luctua t ion  in  t emperatu re  o f  SSiC inner  tube ,  ou te r  t ube  

and  fu rnace  on   a i r  quenching.  
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2.5 .2  㧗 ⅔ࡾྲྀࡢࡽ࠿ฟࡋヨ㦂  

ヨ㦂ࡣ㸪 SS iC ȭࣈ࣮ࣗࢳࢺࣥ࢔ࢪࣛ 90ェȭ 76ェ1200mm ษ࡟ࡉ㛗ࡢศ༙ࢆ

ഃȭ➃ࡌᑒࡓࡋ᩿ 90ェȭ 76ェ600mm 㸪 ᗘࡋ࡜ヨᩱࢆ 1670K ࣂࢫⅆᆺ࢞┤ࡢ

ࡽ࠿࡚ࡋᅇ᚟ࡀ ⅔㸪ࡋᢞධࡃ⣲᪩ࡽ࠿ ᐊ࡟⅔ࢼ࣮ 15 ศ㛫ಖᣢᚋᐊ 

290K ୪ᆺ⪏ⅆࣞࣥ࢞ࡣ㸬ヨᩱࡓࡋ㏉ࡾ⧞࡟࠿ࡸ㏿ࢆస᧯ࡍฟࡾྲྀ࡟ 2 ಶୖࡢ

㸪ࡣ⅔㸬ヨ㦂ࡓࡋࢀධࡋฟ࡟ࡶ࡜࡜࢞ࣥࣞࡓ࠸ᩜ࡟㸪ୗࢀ࠿⨨࡟≦ࡋᶫΏ࡟

ෆഃᑍἲࡀᖜ 1200mmェ㧗ࡉ 1200  mmェዟ⾜ 1400mm ࡛㸪㒔ᕷ࢞ࢫ 13A ⇞ࢆ

ᩱࡿࡍ࡜⇞↝㔞 116kW ࢼ࣮ࣂࣈ࢕ࢸ࢖ࣞࢿ࢙ࢪࣜࡢ ( 1 5 ࡀ( 2 ᑐタ⨨ࡓࢀࡉ㸬

Fig . 2 .16 ࡾᢞධ㸪ྲྀࡢ㸬ヨᩱࡓࡋ♧ࢆἣ≦ࡿ࠸࡚ࡋࢆస᧯ࡋฟࡾྲྀࡀ⪅➹࡟

ฟࡋ᧯సࡣ㸪ᨺᑕ⇕ࢆ㑊ࡵࡓࡿࡅ㛗ࡉ⣙ 2m ⣙࡟㗰Წࡢ 500ェ500ェ t 5mm 㗰ࡢ

ᯈࢆ⁐᥋ࡓࡋ἞ල࡟ヨᩱࢆ㍕ࡏ㸪⅔๓ࡾྞ࡟ୗࢆ࣮ࣥࣞࢡࡓࢀࡽࡆᨭⅬࡋ࡜

㸬ࡓࡗ⾜࡚  

⤖ᯝࡣ㸪 3 ᅇ⧞ࡾ㏉ࡀࡓࡋヨᩱ࡟ࣈ࣮ࣗࢳ␗ᖖࡣㄆࡓࡗ࠿࡞ࢀࡽࡵ㸬ヨ㦂

ࡣ Fig .2 .16 ࡼ࡟ࡉ㔜ࡢ㸪ヨᩱ࡜⇕ᨺᑕࡢ᫬ࡓࡋ㛤ᨺࢆᡬࡢ⅔࡟࠺ࡼࡓࡋ♧࡟

㸪ࡵࡓࡓࡗ࡞࡟⬟స୙᧯ࡾ࡞ࡃࡁ኱ࡀኚᙧࡢ㗰Წࡾ 3 ᅇࡾ⧞ࡢ㏉࡛ࡋ୰Ṇࡋ

㸬ࡓ   

ḟ࡟ᐇᶵ⅔࡛ࡢ㠀ᖖ᫬ࢆ᝿ᐃࡋ㸪SSiC ែ≦ࡓࡋ↝⇞ࢆࣈ࣮ࣗࢳࢺࣥ࢔ࢪࣛ

ࡾෆᙇࢆࣂ࢖࢓ࣇࢡࢵ࣑ࣛࢭ㸪ࡣ㸬ヨ㦂ࡓࡋࢆᧁヨ㦂⾪⇕ࡃᢤࡁᘬࡽ࠿⅔࡛

⣙ȭࡀෆᑍἲ⅔ࡓࡋ 400ェ1600mm 㸪ヨᩱᑍἲȭ࡟⅔ヨ㦂ࡢ 90ェȭ 76ェ1200  

mm ࣈ࣮ࣗࢳࢺࣥ࢔ࢪࣛࡢ 1 ࢫ㸪㒔ᕷ࢞ࡋ⨨タ࡟᪉ྥ⦪ࢆࢺࢵࢭ 13A ↝⇞ࢆ

ࣈ࣮ࣗࢳ㸪ࡣ㸬 ᗘࡓࡋ⇕ຍ࡛ࡳࡢࣈ࣮ࣗࢳࢺࣥ࢔ࢪࣛ⏝ヨ㦂ࡣ⅔㸬ࡓࡏࡉ

୰ኸ௜㏆ࡢ⅔ቨࡢ࡜ࣈ࣮ࣗࢳ࡜୰㛫ࡾྲྀ࡟௜ࡓࡅ R ⇕㟁ᑐ࡛ ᐃࡓࡋ㸬⅔ 

ࡀ 1670K ᚋࡓࡋ㐩࡟ 10 ศ㛫ಖᣢࡋ㸪࡛࣮ࣥࣞࢡ⅔ቨ➼࡟᥋ゐ࡟࠺ࡼ࠸࡞ࡋ

⣙ 1 ศ㛫࡛ᘬࡁᢤࡓ࠸㸬  

⤖ᯝࡣ㸪 Fig .2 .17 ࡣ㸪࿘ᅖࡀࡓࡗ࠶࡛⬟ྍࡣ࡜ࡇࡃᢤࡁᘬ࡟࠺ࡼࡓࡋ♧࡟

ᙉ࠸ᨺᑕ⇕ࢀࡉࡽࡉ࡟㸪సᴗဨࡿ࠸ࡢᕤሙෆ࡛᧯సࡿࡍሙྜࡣ༴㝤࡛࡜ࡿ࠶

⅔ࡣࣈ࣮ࣗࢳࢺࣥ࢔ࢪࣛࡶሙྜ࡛ࡓࡋ⏕Ⓨࡀᖖ␗࡟⅔㸪࡚ࡗࡼ㸬ࡿࢀࡉุ᩿

ෆ࡟ᨺ⨨࡚ࡋ෭༷ࡿࡍ᪉ࡀ⌧ᐇⓗ࡛ࡿ࠶㸬 Fig .2 .18 ᗘグ㘓 ࡢ᫬ࡁᢤࡁᘬ࡟

ィࡓࡋ♧ࢆ㸬  
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Sample  s ize :ȭ 90ェȭ 76ェ600mm  

Fig .2 .16  Thermal  shock  t es t  wi th  a i r  quenching  f rom 1670K to  290K.  
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Size  o f  r ad i ant  t ube :  ȭ 90ェȭ 76ェ1200mm 

Fig .2 .17  Thermal  shock  t es t  o f  runn ing  rad i an t  t ube  

b y d rawing ou t  f rom 1670K furnace .  
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Fig .2 .18  Temperatu re  1670K( 1411.9Υ )  on  d rawing out  t es t .  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

61 

 

2.5 .3  Ỉ୰ᛴ෭ヨ㦂    

㧗 ᕤᴗศ㔝࡛฼⏝ࡿ࠸࡚ࢀࡉ୺࡞኱ᆺᵓ㐀⏝ࢫࢡࢵ࣑ࣛࢭᮦᩱࡣ࡟㸪❅

໬࠸ࡅ⣲ࡿ࠶ࡀ࡝࡞ࢼ࣑ࣝ࢔ࡸ㸬ࡢࡽࢀࡇᮦᩱ࡜㸪ᮏ㛤Ⓨ SSiC ᧁ⾪⇕⪏ࡢ

ᛶ᳨ࢆウࡓࡋ㸬 ᐃ࡟౪ࡓࡋ SSiC ヨᩱࡣ㸪 3 Ⅼ᭤ࡆᙉࡉ ı b ศᕸࣝࣈ࢖࣡ࡢ

ᅗసᡂ᫬ྠ࡜ᵝࣈ࣮ࣗࢳࢺࣥ࢔ࢪࣛ࡟ෆ⟶ࡢ┤⟶㒊ࡽ࠿ษࡾฟࡓࡋ㸬ணഛヨ

㦂࡛ ᗘᕪࡀ 350K ௨ୗ࡛ࡣ ı b ࡓࡋᐊ ࡛ ᐃࡣ㸪ヨ㦂ࡵࡓࡓࡗ࠶ᐃ୍࡛ࡣ

ᚋ෭༷ ᗘᕪ 350K ௨ୖ࡛ᐇ᪋ࡓࡋ㸬  

ࢆᯝ⤖ࡢࡑ Fig .2 .19 㸬ࡓࡋ♧࡟ SSiC ࡢ ı b ᗘᕪ ࡡᴫࡣ 400㹼 450K ࡛పୗ

㸪Ziegle࡚ࡋᑐ࡟ࢀࡇ㸬ࡿࢀࡽࡳࡀഴྥࡿࡍ r
( 1 6 ୍ࢆᯝ⤖ࡢ⣲࠸ࡅ໬❅ࡿࡼ࡟(

Ⅼ㙐⥺࡛♧ࡀࡓࡋ㸪 ı b ᗘᕪ⣙ ࡣ 600K 㸬࠸࡞ࢀࡽࡵㄆࡣపୗ࡛ࡲ

Hasselman
( 1 7 㸪 ᗘᕪ⣙ࡀࡓࡋ♧࡛⥺◚ࢆᯝ⤖ࡢ࡛ࢼ࣑ࣝ࢔ࡿࡼ࡟( 250K ࡛ ı b

グࡢ࡝࡞یࡸڦࡓࢀࡉࢺࢵࣟࣉ࡟㸬ᅗ୰࠸ࡉᑠࡣ㸪⪏⇕⾪ᧁᛶࡾ࠶ࡀపୗࡢ

ࡓࢀࡉ〇㐀࡟᪂つࢀࡒࢀࡑࡓࡋ౪࡟᥇ྲྀࡢ㸪 ᐃヨᩱࡣྕ SSiC ࢺࣥ࢔ࢪࣛ

㸬ࡍ⾲ࢆ⟶ෆࣈ࣮ࣗࢳ  

 

 

F ig .2 .19  Bending  s t rength  as  a  funct ion  o f  quenching  t empera tu re  

d i f fe rence  of  ce ramics .  

 

Z i e g l e r
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2.5 .4  ᐇ⏝໬᳨ࡢ࡬ウ    

ሙྜ㸪ࣛࡓࡋᢞධࢆ≀⇕ຍ⿕ࡢ ᐊ࡟⅔ࣈ࣮ࣗࢳࢺࣥ࢔ࢪࣛࡿ࠸࡚ࡋື✌

᭷㝈せ⣲ἲࢆᛂຊࡿࡍ⏕Ⓨ࡟⟶እࣈ࣮ࣗࢳࢺࣥ࢔ࢪ ANSYS ࡼ࡟࣒ࣛࢢࣟࣉ

Ỉᖹ᪉ྥࡣࣈ࣮ࣗࢳࢺࣥ࢔ࢪ㸪ࣛࡋ໬ࣝࢹࣔࢆᐇᶵࡣ௳㸬ゎᯒ᮲ࡓࡋ⟭ィࡾ

ⰺ㛫㊥㞳ࡢࣈ࣮ࣗࢳ㸪࡟ 180mm ࡛ 4 ᮏタ⨨ࡓࡋ࡜ࡿ࠸࡚ࢀࡉ㸬⅔ෆ࡛ࡢእ⟶

1 ᮏࡢ᭷ຠᑍἲࡣȭ 90×ȭ 76×930mm ࡛㸪ᐇ ࡛ࣈ࣮ࣗࢳࢺࣥ࢔ࢪࣛࡣ 1 ࢵࢭ

ࡀ㔞⇕↝⇞ࡢࡾࡓ࠶ࢺ 11kW ࡣ᫬㸪⅔ 㸦㸻⅔ቨ ᗘ㸧ࡢ 1373K ࢀࡉಖᣢ࡟

࡚ ࠸ ࡓ 㸬 ᤄ ධ ࡍ ࡿ ⿕ ຍ ⇕ ≀ ࡣ Fig .2 .20 ࡟ ♧ ࡋ ࡓ ࡼ ࠺ ࡟   ᗘ 298K ࡛ 㸪  

500×250×t5mm㸪㔜ࡉ  5kg ࡢ㗰ᯈ࡛ࡾ࠶㸪 200mm 㞳ࣈ࣮ࣗࢳࢺࣥ࢔ࢪࣛࡓࢀ

ୗഃࡢ୰ኸ௜㏆୍࡟Ẽ࡟ᤄධࡓࢀࡉ㸬ᨺᑕ⋡ࡣ SSiC ࢆࣈ࣮ࣗࢳࢺࣥ࢔ࢪࣛ İ= 

0 .8㸪㗰ᯈࢆ İ= 0 .6 ࡣ㸬ゎᯒࡓࡋ࡜  Fig .2 .20 ඲యࡢఏ⇕ゎᯒ࠸⾜ࢆ㸪እ⟶ᛂ

ຊࡣ࡚࠸ࡘ࡟ᐇ⥺࡛ᅖࡓࡗ⠊ᅖࡢ㠀ᐃᖖゎᯒࡓࡋࢆ㸬  

F ig .2 .21 ࢆィ⟬⤖ᯝࡢᗘኚ໬ ࡢ㠃ࡢୗഃ࡜ഃ㠃ୖࣈ࣮ࣗࢳࢺࣥ࢔ࢪࣛ࡟

㸪ࡣᗘ ࡢ㸪ୗഃ㠃ࡀ࠸࡞ࡅཷࢆᙳ㡪ࡣ㠃ࡢഃୖࣈ࣮ࣗࢳࢺࣥ࢔ࢪ㸬ࣛࡓࡋ♧

ᤄධࡓࢀࡉప ࡢ⿕ຍ⇕≀ࡢᙳ㡪ࡾࡼ࡟పୗࡋ㸪ᤄධᚋ 40㹼 50 ⛊ᚋࡶ᭱࡟

పࡿ࡞ࡃ㸬ࡢࡇ ᗘኚ໬ࣈ࣮ࣗࢳࢺࣥ࢔ࢪࣛࡾࡼ࡟ୗഃ㠃ࡿࡌ⏕࡟Ⓨ⏕ᛂຊ

ኚ໬ࡢィ⟬⤖ᯝࢆ Fig . 2 .22 ୖ࠸࡞ࡢᗘኚ໬ ࡋ㠃࡟㸪⅔ቨࡣ㸬ᛂຊࡓࡋ♧࡟

ഃ㠃࡜㸪⿕ຍ⇕≀ࡾࡼ࡟ ᗘࡀపୗࡿࡍୗഃࡢ㠃ࡢ࡜㛫ࡿࡌ⏕࡟ ᗘᕪࡼ࡟

㸪⿕ຍ⇕≀ᤄධᚋ⣙ࡣ㸬᭱኱ᛂຊࡿࡍ⏕Ⓨࡾ 40 ୗࣈ࣮ࣗࢳࢺࣥ࢔ࢪ࡛ࣛ⛊

ഃ㠃࡟ 15 .7MPa Ⓨ⏕ࡿࡍ㸬  
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            Upper  pa r t      

 

        Rad iant  tube  

 

 

 

                

 

                           200mm  

 

 

                                        Work  

 

Fig .2 .20  Ana l yt i ca l  mode l  of  ca lcu l a t ion  o f  t he rmal  s t r es s   

on  SS iC rad iant  tube .  

1

                                                                                

Area of calculation

Work  500x250x5 mm

Model of calculation

Radiant tube

W o r k  5 0 0 × 2 5 0 × 5 m m  
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1423

 

F ig .2 .21  Var ying  o f  ca l cu l a t ed  s t r ess  a t  upper  and  lower  s ide   

of  SSiC  radiant  tube  on  sudden cool ing .  
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F ig .2 .22  Var ying  o f  ca l cu l a t ed  s t r ess  a t  lower  s ide  

of  SSiC  radiant  tube  on  sudden cool ing .  
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2.5 .5  ◚㠃ほᐹ  

⇕⾪ᧁࡾࡼ࡟◚ቯࡓࢀࡉ SSiC ࡜㸪ヨᩱࡣ㸬ヨ㦂ࡓࡋࢆ㠃ほᐹ◚ࡢࣈ࣮ࣗࢳ

ᶓᆺ⅔ෆ࡛ࢆ඲య࡚ࡋ 1070K ᑍἲȭࡓࢀࡉ⇕ຍ࡟ 90×ȭ 76×1200mm ࣥ࢔ࢪࣛ

ᗘ ࡚ࡗἢ࡟ୗഃෆ㠃ୖࡢ㸪ヨᩱ࠸⏝ࢆࣈ࣮ࣗࢳࢺ 300K ȭࡢ 30ェ600mm ࡢ

㗰ࢺࢵࣞࣅ⣙ 3kg 㸬◚ቯࡓࡋቯ◚ࢆࣈ࣮ࣗࢳࡾࡼ࡟㸪⇕⾪ᧁࡋᤄධࡃ⣲᪩ࢆ

ࢆ㸬◚㠃ࡓࡋ⏕Ⓨ࡟≦ࡾඛ➃௜㏆࡛㍯ษࡢࢺࢵࣞࣅࡓࢀࡉᤄධࡣ Fig .2 . 23 ࡟

㐍ᒎࡢ㸬ட⿣ࡿࢀࡉㄆ☜ࡀቯ㉳Ⅼ◚࡟㠃ࡢ㸪ୗഃࡋ♧ࢆගἑࡣ㸬◚㠃ࡓࡋ♧

㠃࡛ྜࡢ཯ᑐഃࡢ㸪◚ቯ㉳Ⅼࡋఙᒎ࡟ᕥྑࡽ࠿ቯ㉳Ⅼ◚ࡀࢡ࣮࣐ࣈࣜࡍ♧ࢆ

ὶࡿ࠿ࢃࡀ࡜ࡇࡓࡋ㸬ࡣ࡜ࡇࡓࡗ࠿࡞ࡽ⮳࡟∦◚ࡀࣈ࣮ࣗࢳ㸪⇕⾪ᧁࡿࡼ࡟

㸬ࡍ♧ࢆ࡜ࡇࡓࡗ࠿࡞ቯ࡛◚࠸ࡋ⃭   

     

 

Fig .2 .23  Fracture  sur face  o f  SSiC  tube .  

U p p e r  s i d e  

L o w e r  s i d e  

F r a c t u r e  o r i g i n  

C r a c k  

R i b  m a r k s  

S a m p l e  s i z e :  

ȭ 9 0 ×ȭ 7 6 × 1 2 0 0 m m  

B i l l e t  
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2.6  ⪏㓟໬ᛶ  

2 .6 .1  㓟໬⭷ࡀ⏕ᡂࡿࡍሙྜ  

㓟໬⪏ࡿࡍᑐ࡟⅖ⅆࢼ࣮ࣂ ヨ㦂ࡓࡋࢆ㸬 ヨ㦂ࡣ 㛗᫬㛫ࢆせࡵࡓࡿࡍ 㸪

✌ാࡿ࠸࡚ࡋ 〇㕲ᡤࣈࣛࢫࡢຍ⇕⅔ຍ⇕ ᖏ (බ⛠⅔  1 5 7 0 K )࡛౑⏝ࢀࡉ

ቨᨭᣢᲬࡾ௙ษࡿ (ȭ 3 6 ×ȭ 2 6 × 2 2 0 0 m m ࡰ࡯㸪ࡣ㸬ヨᩱࡓࡋᐇ᪋࡚࠸⏝ࢆ(

༙ᖺࡽ࠿ 1 ᖺẖࡢᐃᮇಟ⌮࡛⅔ࡀ೵Ṇࡓࡋ㝿࡟ᨭᣢᲬࢆᢤ࡚ࡗྲྀࡁస〇

㸬ࡓࡋ F i g . 2 . 2 4 㸬ࡓࡋ♧ࢆ௙ษቨ࡟ S S i C 㒊ᮦࡣ㸪 ᨭᣢᲬ (ȭ 3 4 ×ȭ 2 4  ×  

2 2 0 0 m m )㸪ᗏᯈ㸦 2 0 0 × 3 0 0 × 1 0 m m ࡧࡼ࠾( ࣥࣆ (ȭ 1 0 × 1 0 0 m m 㸬ࡿ࠶࡛( ௙ษ

ቨࡢᵓᡂࡣ㸪⅔ࡢኳ஭ࡾྞࡽ࠿ୗࡓࢀࡽࡆᨭᣢᲬୗ㒊࡛࡚࠸⏝ࢆࣥࣆᗏ

ᯈࢆᅛᐃࡋ㸪࡟ୖࡢࡇ⣙ 3 0 0ェ3 0 0ェ3 0 0 m m ᡂᙧయࣂ࢖࢓ࣇࢡࢵ࣑ࣛࢭࡢ

⣙ࢆ 2 m 㸬ᅗ୰࡛௙ษቨࡿ࠶࡛ࡢࡶࡓ࡭୪࡟ᖜ᪉ྥ⅔࡚ࡆୖࡳ✚࡟ࡉ㧗ࡢ

⣙ࡣฟຊࡢࢼ࣮ࣂࡿ࠼ぢ࡟ዟࡢ 1 2 0 0 k W 㸬ࡿ࠶࡛  

 

 

 

                          B u r n e r ( A p p r o x i m a t e l y  1 2 0 0 k W )  

F i g . 2 . 2 4  P a r t i t i o n  w a l l  o f  h e a t  t r e a t m e n t  f u r n a c e  o f  s l a b   

o n  i r o n w o r k s .  

( S S i C  s h a f t :ȭ 3 6 ×ȭ 2 6 × 2 2 0 0 m m  

S S i C  p l a t e : 2 0 0 × 3 0 0 × 1 0 m m  

S S i C  p i n :ȭ 1 0 × 1 0 0 m m )  

B l o c k  o f  c e r a m i c  f i b e r  S S i C  p l a t e  

S S i C  

S S i C  p i n  

3 0 0 m m  
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Fig .2 .25 ࡟ 6 ࡢᚋࡓࡋ᭶⤒㐣ࢣ EPMA 㸬ඖ⣲ศࡓࡋ♧ࢆศᯒ⤖ᯝ⥺ࡿࡼ࡟

ᯒࡣ࡟≉ᛶ X ⥺ (CuKȘ 8 .048keV)ࡓ࠸⏝ࢆ㸬ศᯒࡓࡋඖ⣲ࡣ㸪࠸ࡅ⣲ Si㸪㓟

⣲ O㸪㕲 Fe ࣒࢘ࢽ࣑ࣝ࢔ࡧࡼ࠾ Al ࡋࣥࣕ࢟ࢫࢆⓑ⥺㒊ࡓࡋ♧࡟㸪ᅗࡾ࠶࡛

࡚ ᐃࡓࡋ㸬㓟໬⭷ࡣ㸪㓟⣲ O ୖࡕ❧ࡽ࠿ࣝ࣋ࣞࢻࣥࣛࢢࢡࢵࣂࡀ⥺ᅇᢡࡢ

⣙ࡣࡉ㸪㓟໬⭷ཌࡾ࠶⠊ᅖ࡛ࡿ࠸࡚ࡗࡀ 15㹼 20ȝm 㸬ࡿ࠶࡛ Si ࡣᅇᢡᙉᗘࡢ

ẼᏍ㒊ศ࡛పୗࡀࡿࢀࡽࡳࡣ㸪㓟໬⭷㏆ഐ࡛ࡲኚ໬ࡀᑡ࠸࡞㸬㓟໬⭷⾲㠃ഃ

ࡿ࠶ᾋ㐟⢊ሻᡂศ࡛ࡢෆ㞺ᅖẼ୰⅔ࡣ࡟ Fe㸪Al 㸪SSiCࡀࡿ࠸࡚ࢀࡲ㎸ࡾྲྀࡀ

ᮦᩱࡢ⤌⧊ෆ㒊ࡢ࡬ᾐ㏱ࡣㄆ࠸࡞ࢀࡽࡵ㸬 Fig .2 .26 ࡢࡉ㓟໬⭷ཌࡿࡍᡂ⏕࡟

⤒᫬ኚ໬ࡓࡋ♧ࢆ㸬㓟໬⭷ཌ༙ࡣࡉᖺ⛬ᗘ࡛ 70㹼 80ȝm ⥺≀ᨺ࡜ࡿࡍᡂ㛗࡟

ࡿࡍ⬟ᶵ࡚ࡋ࡜⭷ಖㆤࡀ⭷㓟໬ࡣ࡜ࡇࡢࡇ㸬ࡿ࡞ࡃ㐜ࡀ㓟໬࡟࠺ࡼࡿ஌࡟๎

㓟࠸ࡲࡋ࡚ࡋ๤㞳ࡣ⭷㓟໬ࡓࡋᡂ⏕࡜࠸ࡁ኱ࡀ㏿㸬୍᪉㸪ⅆ⅖ὶࡍ♧ࢆ࡜ࡇ

໬ࡀ㐍⾜ࡿࡍሗ࿌ ( 1 8 ) ( 1 9 ) ๤ࡢ⭷㓟໬ࡣᮏヨ㦂࡛ࡢ࡛⅔⇕ຍࣈࣛࢫ㸪ࡀࡿ࠶ࡶ 

㞳ࡣㄆ࠸࡞ࢀࡽࡵ㸬  
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F ig . 2 .25  EPMA image  o f  a  c ross  sec t ion  o f  a  SSiC  af te r  working  6  months .  

 

 

S c a n n i n g  l i n e  

O x i d a t i o n  f i l m  
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Sample:  Shaf t  o f  pa r t i t ion  wa l l  ȭ 36ェȭ 29ェ2200mm  

Fig .2 .26  Th ickness  of  a  SSiC  ox idat ion  f i lm versus  t ime  

on  1570K meta l lu rg ica l  furnace .  
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2.6 .2  㓟໬⭷ࡀ๤㞳ࡿࢀࡉሙྜ  

S S i Cᮦᩱࡢ㓟໬ࡾࡼ࡟ ⏕ ᡂࡓࡋ 㓟໬≀ࡀ 㸪ಖㆤ ⭷ ࡽ࡞࡟ ࡗ࠿࡞ ሙࡓ ྜ

タィ ᗘ⣙ࡣヨᩱࡓࡋ㸬౪ࡓࡋヨ㦂ࢆ 1 7 7 0 K㸪ⅆ⅖ὶ㏿⣙ 1 5 0 m / sࡢணΰྜ

ࡢࢼ࣮ࣂ S S i C⇞↝⟄࡛ࡾ࠶㸪⣙ 2ᖺ㛫〇㕲ᡤ࡛ⷧᯈ⇕ฎ⌮⅔ࡓࢀࡽ࠸⏝࡟㸬

F i g . 2 . 2 ↝⇞ࡣ⨨㸬᥇ྲྀ఩ࡓࡋ♧ࢆ⨨᥇ྲྀ఩ࡢᐃヨᩱ ࡜ᅗ␎ࡢ⟃↝⇞࡟7

ࢫ㒔ᕷ࢞ࡿ࠶㸬⇞ᩱ࡛ࡿ࠶࡛⨨఩ࡿࢀࡽ⤠ࡀὶࢫ࢞ 1 3 Aࡣ⇞↝⟄ෆ࡛✵Ẽ

ࡿࡍ㧗㏿໬ࡾࡼ࡟࡜ࡇࡿࢀࡽ⤠ฟཱྀ࡛ࡣὶࢫ࢞↝⇞㸪ࡋ↝⇞ࢀࡉΰྜ࡜ 㸬

F i g . 2 . 2 㸪ࡎࡽ࡞࡟≦⭷ࡣ≀㓟໬ࡓࡋ㸬⏕ᡂࡓࡋ♧ࢆ㠃ほᐹ⤖ᯝ᩿ࡢヨᩱ࡟8

⾲㠃࡟Ⅼᅾࡿ࠸࡚ࡋ㸬⇞↝⟄ෆ㠃ࡣ࡟⾲㠃࡟ᖹ⾜࡞㛗ࡉ 1 0 0 ȝ m⛬ᗘࡢከᩘ

ࡢ ᚤ ⣽࡞ ட ⿣ ࡀ ㄆࡵ ࢀࡽ ࡿ 㸬ࡇ ࡇࡢ ࠿࡜ ࡽ ᮦᩱ ῶࡢ ⫗ ࡍ ࡿ ᶵᵓ ࡣ 㸪 ᚤ⣽

ட⿣ࡀᡂ㛗ࡋ㸪๤㞳ࡾ⧞ࢆ㏉࡜ࡿࡼ࡟࡜ࡇࡍ᥎ ࡿࢀࡉ㸬  

 

 

                                  

      

                                            ( m m )  

F i g . 2 . 2 7  S c h e m a t i c  d i a g r a m  o f  S S i C  h i g h  s p e e d  g a s  b u r n e r   

c o m b u s t o r  a n d  s a m p l i n g  a r e a .   

 

 

 

 

ȭ 120  ȭ 70  

240  

S a m p l i n g  

F l a m e  
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F i g . 2 . 2 8  O p t i c a l  i m a g e  o f  d e g r a d a t i o n  o f  S S i C  h i g h  s p e e d  g a s   

b u r n e r  c o m b u s t o r  b y  f l a m e  a f t e r  w o r k i n g  2  y e a r s  o n  t h e   

f u r n a c e  o f   h e a t  t r e a t m e n t  o f  s t e e l  s h e e t .  

 

 

 

 

 

 

 

 

 

 

 

Oxid e   

SS iC  

Mic ro  c r ack  
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2.6 .3 ࡉ◳ࢫ࣮࢝ࢵࣅࣟࢡ࢖࣐  HV10 

ࡿࡼ࡟ࢫ㞺ᅖẼ࢞ࡣ࠸ࡿ࠶㓟໬ࡿࡼ࡟⅖ⅆࢼ࣮ࣂ SSiC ᮦᩱࡢ⤌⧊ຎ໬ࢆ

☜ㄆࡵࡓࡿࡍ㸪ࣛࣈ࣮ࣗࢳࢺࣥ࢔ࢪእ⟶ࡢእ㠃ࡽ࠿ෆ㠃ࣟࢡ࢖࣐࡚ࡗ࠿ྥ࡟

⣙ࡣࣈ࣮ࣗࢳࢺࣥ࢔ࢪࣛࡢ㸬ヨᩱࡓࡋᐃ ࢆࡉ◳ࢫ࣮࢝ࢵࣅ 1200K ᾐࢫ࢞ࡢ

Ⅳ⅔࡛ 2 ᖺ㛫౑⏝ࡿ࠶࡛ࡢࡶࡓࢀࡉ㸬࣐ࡣࡉ◳ࢫ࣮࢝ࢵࣅࣟࢡ࢖㸪࣐࣡ࢨࢶ

࢟࢖ࢭ HARDNESS  TESTER DVK-2 㸪J࠸⏝ࢆ IS
( 2 0 )

㍯ࡓࢀࡉ☻◊㸪ࡋᣐ‽࡟ 

ษࡢࣈ࣮ࣗࢳࡾእ⾲㠃࡜ෆ⾲㠃ࢀࡒࢀࡑࡽ࠿ 0.5mm ࡽ࠿Ⅼࡢࡇ㸪࡜Ⅼࡢ

1.0mm 㛫㝸࡛ ᐃࡓࡋ㸬 ᐃᩘࢀࡒࢀࡑࡣ n=3 㸬ࡿ࠶࡛  

 ᐃ఩⨨ࢆ Fig .2 .2 9 ࢆ㸪 ᐃ⤖ᯝࡋ♧࡟ Fig .2 .30 እࡢࣈ࣮ࣗࢳ㸬ࡓࡋ♧࡟

ഃࡣ RX ᾐⅣ࢞ࢫ ( 2 1 ) ( 2 2 㛫ࡢ࡜ෆഃ࡜㸪እഃࡀࡓࢀࡉ᭚࡟ࢫ࢞↝⇞ࡣ㸪ෆഃ࡟(

ᐃ್ ࡢ㸪ᮦᩱෆ㒊ࡎࢀࡽࡵㄆࡣᕪ࡟ 2300 㸪࡚ࡗࡀࡓࡋ㸬ࡿ࠶࡛ࡌྠࡰ࡯࡜

SSiC ᮦᩱࡢຎ໬࠸࡞ࡣ㸬   

 

 

F ig .2 .29  Opt i ca l  image  o f  mic ro  Vickers  indenta t ion  in  SSiC .  

 

1 . 5 m m  

3 . 5 m m  

5 . 5 m m  

0 . 5 m m  

I n s i d e  

O u t s i d e  

S S i C  r a d i a n t  t u b e  
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F ig .2 .30  Vickers  ha rdness  HV10 of  SSiC radiant  tube  a f t e r  working   

2  years  in  r espect  t o  depth  f rom tube  sur face .  
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2 . 6 . 4  㛗ᮇ㛫౑⏝ᚋရࡢ᭤ࡆᙉࡉ    

S S i C ࣈ࣮ࣗࢳࢺࣥ࢔ࢪࣛ ࡸࢫ࢞↝⇞ࡢ 㸪㧗ࡀ ⅔ෆ㞺ᅖẼ࢞ࡿ࠶࡛ࢫ

⇕ศ ゎ ࢔ ࣥࣔ ࢽ ࢔ ࢞ ࢫ ࡞ ࡢ࡝ ᙳ 㡪࡟ ࡾࡼ ᙉᗘ ప ୗࡍ ࡿ ᠱ ᛕࡀ ࠶ ࡓࡗ ࡜ࡇ

ࡽ࠿ ヨ 㦂ࡓࡋ 㸬 ヨᩱࢆ ᥇ྲྀࡋ ࡓ ࢔ࢪࣛ ࢳࢺࣥ ࣗ ࡣࣈ࣮ 㸪 ᑍἲ ࡀ ȭ 1 6 5 ×ȭ

1 5 0 × 1 9 0 0 m m 㸪ࡾ࠶࡛ ⣙ 1 4 0 0 K ග㍤ࡢ ⇕ฎ⌮⅔ ( 2 3 ࡟( 5 ᖺ㛫Ỉᖹᨭᣢ࡛౑

㸬ࡓࢀࡉ⏝  F i g . 2 . 3 1 ࡣ୰ኸ㒊ࣈ࣮ࣗࢳ㸬ࡓࡋ♧ࢆ⨨ヨᩱ᥇ྲྀ఩࡟ 㧗 ࡟

᭚ࡉ ࡿࢀ 㸪ࡀ ࣇ ࣛࣥ 㒊ࢪ ⅔ࡣ ቨ እࡢ ഃ ࡛ 㸪⇞ ↝ ࢫ࢞ 㞺ࡸ ᅖẼ ࢞ ࡢࢫ ᙳ㡪

࡞ࡅཷࢆ ࡓࢀࡉ⨨タ࡟ప 㒊࠸ 㸬  

T a b l e 2 . 4 ᐃ ࡢᐦᗘ࡜ࡉᙉࡆ᭤࡟ ⤖ᯝࢆ ࡢ㸬ヨ㦂๓ࡓࡋ♧ 3 Ⅼ᭤ࡆᙉ

ࡉ ı b ࡀࡿ࠸࡚࠸ࡘࡽࡤ࡟᪉࠸㧗ࡣ 㸪ࣛ ࢪ ࣥ࢔ ࢳࢺ ࡢ୰ኸ㒊ࣈ࣮ࣗ ı b ࡼ࠾

ᐦᗘࡧ ȡ 㛗ᮇࡣᕪࡢ࡜㒊ࢪࣥࣛࣇ㸪࡜ 㛫࡟ர࡝ࢇ࡜࡯ࡶ࡚ࡗㄆ࡞ࢀࡽࡵ

࡜ࡇࡢࡇ㸬࠸ ࡣ ᮦ㉁ ຎ໬ ࠸࡞࠸࡚ࡌ⏕ࢆ ࡍ♧ࢆ࡜ࡇ 㸬  

 

 

  F l a n g e                 T u b e  c e n t e r  

                                              ȭ 1 6 5 m m  

 

 

                       1 9 0 0 m m  

 

        F i g . 2 . 3 1  S a m p l i n g  a r e a  o f  S S i C  r a d i a n t  t u b e .  

 

 

T a b l e 2 . 4  M e c h a n i c a l  p r o p e r t i e s  o f  a  S S i C  r a d i a n t  t u b e  a f t e r   

w o r k i n g  5  y e a r s  o n  b r i g h t  a n n e a l  f u r n a c e .   ( n = 5 )  

  

 

ı b     ( MPa ) ȡ䚷( kg/m3 )

Tube center 520 3160

Flange 580 3170

Before working 550 3170
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2 . 6 . 5 ࡢ⣲࠺࡯ ᣲື    

T a b l e 2 . 1 ᮏ㛤Ⓨࡓࡋẚ㍑࡜ᕷ㈍ရ࡟ S S i C ᮦᩱࡢ୙⣧≀ศᯒ⤖ᯝࡋ♧ࢆ

ࡢຓᮦ⤖↝ࡿࢀࡉ㸪ῧຍࡀࡓ ⣲࠺࡯ 㔞ࡀ Ⅳ໬࠸ࡅ⣲⤖ᬗࡢᅛ⁐㝈⏺ ( 2 4 )௨

࡜ࡿ࡞࡟ୖ 㸪㐣๫࠺࡯ࡢ⣲ࡣ S S i C ↝⤖యࡢ ⢏⏺࡟Ꮡᅾࡋ 㸪㧗 ࡛ᨺฟࡉ

ࡸࢀ ࡍ ࡃ ࡿ࡞ ࡜ ࠼⪄ ࢀࡽ ࡇࡿ ࡜ ࡽ࠿ ࠺࡯ ⣲ࡢ ᨺ ฟ࡟ ࠸ࡘ ࡚ㄪ ࡭ 㸬ࡓ ヨᩱ

ࡣ ࡑ ࡒࢀ ࡢࢀ ᮦ ᩱ࡛ ᘮ㓟 㸪ሷ 㓟 ࡼ࡟ ⮬ࡾ ↛㓟 ໬ ࡞⭷ ࡢ࡝ ⾲㠃 ở ᰁࢆ Ὑί

㝖ཤ ࡓࡋ 1 0 × 1 0 × 1 0 m m 㸪㧗⣧ࡣ㸬 ᐃ᪉ἲࡿ࠶࡛∦ヨࡓࢀࡉ☻◊㙾㠃ࡢ

ᗘࢩ ࢥࣜ ࣥ࢘ ࢙ ࣁ࣮ ࡛ヨ ᩱࢆ ᣳ 㸪ࡳ ༙ᑟ యᣑ ᩓ ࢆ⅔ ࠸⏝ ࡚ᡤ ᐃ  ᗘ࡛ 1

᫬㛫 ⇕ฎ ࡋ⌮ 㸪 ෭༷ ᚋ ࡟ ヨᩱ ࡟ ࡗࡼ ࡚ở ᰁࡉ ࢀ ࡓ ࢩ ࢥࣜ ࣥ ࢘ ࢙ ࣁ࣮ ⾲㠃

⣲࠺࡯ࡢ 㔞ࢆ I C P ࡾࡼ࡟  ᐃ࡚ࡋᨺฟ㔞ࡓࡋ࡜㸬  

⤖ᯝࢆ F i g . 2 . 3 2 ♧࡟ 㸬ᕷ㈍ရࡓࡋ ⣲࠺࡯ࡢ ᨺฟ ࡣ 7 0 0 K ቑຍ࡜ࡿ࠼㉺ࢆ

⣲࠺࡯㸪ࡀࡿࡍ ῧຍ㔞ࡢᑡ࠸࡞ ᮏ㛤Ⓨရࡣ 1 1 0 0 K ࡶ࡚ࡋ⇕ຍ࡟ 㢧ⴭ࡞ኚ

໬ࡣ ㄆ࠸࡞ࢀࡽࡵ㸬   
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Fig.2.28  Relation between boron contamination on Si-  

wefer from SSiC and heat treatment temperature. 

Market 

RR&D 

      Fig.2.32 Relation between boron contamination on Si-wafer from SSiC and 

                     heat treatment temperature. 
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2.7  ⪃ᐹ  

2 .7 .1  ᙉᗘ࡚࠸ࡘ࡟  

⬤ᛶᮦᩱ࡛ࡢࢫࢡࢵ࣑ࣛࢭࡿ࠶ᙉᗘࡣయ✚ࡀቑ࡝࡯ࡍపୗࡋ㸪⬤ᛶ࡛ࡿ࠶

ࡉᘬᙇᙉ࡟࠼ࡺࡀ ı t 㸪3ࡣᐃ ࡞☜ṇࡢ Ⅼ᭤ࡆᙉࡉ ı b ࠶ᅔ㞴࡛࡭ẚ࡟ᐃ ࡢ

㸬Figࡿ .2 .33 ࡟ J IS -R1601 ࡢᐃᚋ ࡉᙉࡆ᭤ࡓࡋᐃ ࡚ࡋᣐ‽࡟ SSiC ᮦᩱࡢ

◚㠃ࡓࡋ♧ࢆ㸬◚ቯ㉳Ⅼࡢ఩⨨ࡣ᭤ࡆᙉࡉ ᐃࡢሙྜ࡛ࡶヨᩱ࡞࠿ࡎࢃࡢᑍ

ἲᕪࡸพฝࡾࡼ࡟ㄗᕪࡢཎᅉࡿ࡞࡜㸬ࡵࡓࡢࡇᮏ◊✲࡛ࡣ ı t ಀᩘࣝࣈ࢖࣡ࢆ

m ࡜ ı b 㸬ࡓࡋฟ⟭ࡽ࠿ ı b 㸪ࡽ࠿࡜ࡇࡿࡍቯ◚࡟᫬ࡓࡗ࡞࡟኱᭱ࡀᘬᙇᛂຊࡣ

ᒣཱྀࡽ ( 2 5 ࡣ( ı b㸪ı t ࡜✚᭷ຠయࡢ m ࡢࡁ࡜ࡿࡍ⏝ᛂຊୗ࡛౑ࡧࡼ࠾㛵ಀ㸪ࡢ࡜

Ᏻ඲⋡ S p ⋠☜ቯ◚࡜ F ᘧ࡚࠸ࡘ࡟ (2 -1)㸪(2 -2 ࡢ㸬ᮏ㛤Ⓨရࡓࡋᥦ᱌ࢆ( ı t 㸪ࡣ

2.3 .1 㡯ࡢ m = 13 ᘧࢆ (2 -1 ࡜ࡿࡍ⟭ィ࡚ࡋ௦ධ࡟( ı t  =  284MPa  㸬ࡿࢀࡽࡵồ࡜

ḟ࡟ 10 ୓ಶ୰ 1 ಶࡢ☜⋡࡛◚ቯࡿࡍ᫬ࡢ S p ࢆ (2-2)ᘧࡽ࠿ồ࡜ࡿࡵ S p  =2 . 3

㸬ࡿ࠶࡛ Tab le2 .3 ࡣⓎ⏕ᛂຊ್ࡿࡼ࡟Ỉᖹᨭᣢࡕᣢ∦ࡽ࠿ 11.3MPa ࡓࡗ࠶࡛

ࢆࢀࡇ㸪ࡽ࠿࡜ࡇ 2.3 ಸ࡜ࡿࡍ⣙ 26MPa ࡣ್ࡢࡇ㸬ࡿ࠶࡛ ı t  = 284MPa ẚ࡟

⣙࡚࡭ 1/10 㸪ࡽ࠿࡜ࡇ࠸ࡉᑠ࡜ SSiC Ỉᖹᨭᣢࡕᣢ∦ࢆࣈ࣮ࣗࢳࢺࣥ࢔ࢪࣛ

㸬ࡓࡋุ᩿࠸ࡉᑠࡣ⋠☜ࡿࡍቯ◚ࡶ࡚ࡋ Fig .2 .34 ಀᩘࣝࣈ࢖࣡࡟ m ᶍᘧⓗࢆ

࡟ 5㸪 10㸪 13㸪 15㸪 20 ࡢሙྜࡓࡋ࡜ S p 㸬ࡓࡋ♧ࢆ m ࠸ࡉᑠࡢ್ m = 5 ሙྜࡢ

⋠㸪Ᏻ඲ࡾ࠶ᛴ࡛ࡀࡾࡀୖࡕ❧ࡢ⥺᭤ࡣ S p  =  10 㸬ࡿ࠶ࡀᚲせࡿ࡜ࡃࡁ኱࡜ 

㸪࡚ࡋᑐ࡟ࢀࡇ m  =  10 ௨ୖ࡛ࡤࢀ࠶ S p  =  4 ௨ୗ࡛ࡿ࠶㸬  

ᑦ㸪ࢫࢡࢵ࣑ࣛࢭᮦᩱࡣ࡟㔠ᒓᮦᩱࡢ J IS ಙ࡟ࡽࡉ㸪ࡃ࡞ࡀつ᱁࡞࠺ࡼࡢ

㢗ᛶࡿ࠶ࡢ⬤ᛶᮦᩱࡢタィᡭἲࡽ࠿࡜ࡇ࠸࡞࠸࡚ࡋ❧☜ࡀ㸪ᐇᶵࡢ࡬㐺⏝ุ

㸬ࡿ࠶ࡀሙྜࡿࢀࡽࡵồࢆ㦂ⓗぢゎ⤒ࡣ࡚࠸࠾࡟᩿  

 

ఙ೟ఙ್ ൌ ൜ ଵଶሺ௠ାଵሻమ    ൠ భ೘
         ( 2 - 1 )

  

 

݌ܵ       ൌ ௰ሺ೘శభ೘ ሻ൫௟௡ భభషಷ൯ భ೘                
( 2 - 2 )  
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F ig .2 . 33  Fracture  sur face  o f  be nding  t es t .  

 

 

 

F ig .2 . 34  Facto r  o f  s a fe t y vs .  P robabi l i t y  o f  f a i lu re  i n  va r ious  W eible  modulus .  
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2.7 .2  ⪏⇕⾪ᧁᛶ࡚࠸ࡘ࡟   

⇕⾪ᧁࡾࡼ࡟◚ቯࡋ㞴࠸ᮦᩱࢆ㑅ᢥࡿࡍᣦᶆ࡚ࡋ࡜㸪 K i n g e r y ࡽ ( 2 6 )  

ࢆ࠸ᗘྜࡢ㸪⾪ᧁࡸᶵᲔⓗᛶ㉁ࡣ ᘧ ( 2 - 3 ᩘ࢜ࣅࡓࡋ♧࡟( B i ᅉᏊࡢ࡝࡞

࡚ࡋ࡜ࡿࢃ㛵ࡀ 1 ḟ⪏⇕ᛂຊಀᩘ R ࡜ 2 ḟ⪏⇕ᛂຊಀᩘ R 㸬ࡓࡋᥦ᱌ࢆ’

ᛴ⇕㸪ᛴ෭᫬ࡢ B i ⋠㸪⇕ఏ㐩࡚࠸࠾࡟ h ᚄ༙࡜ r ኱ࡀ ࡢᮦᩱࡵࡓ࠸ࡁ

⾲㠃࡜ෆ㒊ࡢ࡜㛫࡟ ᛴ࡞  ᗘ໙㓄ࡿࡌ⏕ࢆሙྜࢱ࣮࣓ࣛࣃࡢ R ᘧࡣ

( 2 - 4 ࡟㸪㏫ࢀࡉ⾲࡛( ⇕ఏᑟ⋡ ț ᗘ໙㓄 ࠸⦅ࡃࡁ኱ࡀ ࣃࡢሙྜࡿ࡞࡟

ࡿ࠶࡛ࢱ࣮࣓ࣛ R ᘧࡣ’ ( 2 - 5 㸬ࡿࢀࡉࢃࡽ࠶࡛(  

B i  = 
௛࣭ 㹰఑             (2 -3)  

  ܴ ൌ ఙሺଵିఔሻாఈ             ( 2 - 4 )   
 

R ’ =  R ț                 (2-5) 

 

ィ⟬ࡓ࠸⏝࡟ᶵᲔⓗᛶ㉁࡜⤖ᯝࢆ Tab le2 .5 㸬ࡓࡋ♧࡟ R ⇕ᛴࡢỈ୰࡛ࡣ

ᛴ෭ヨ㦂⤖ᯝ࡛ࡿ࠶ Fig .2 .19 ⣲࠸ࡅ㸪❅໬ࡋᑐᛂ࡟ഴྥࡢ RBSN ࡣ 532K

㸪ࡀࡍ♧ࢆ್࠸㧗࡜ SSiC ࡣ 200K 㸬୍᪉㸪࠸ప࡜ R’ࢆẚ㍑࡜ࡿࡍ㸪 RBSN

ࡣ 8 .0kW/m ࡛࡟ࡢࡿ࠶ᑐ࡚ࡋ㸪⇕ఏᑟ⋡ࡢ኱࠸ࡁ SSiC ࡀ 33.6kW/m 㧗࡜

㸬ࡍ♧ࢆ್࠸ RBSN ౑࡚ࡋ࡜⟶㔠ᒓຍ⇕⏝ᾐₕ⼥⁐ࡢ࡝࡞࣒࢘ࢽ࣑ࣝ࢔ࡣ

ࡢ࡝࡞㸪Ỉࡣࣈ࣮ࣗࢳࢺࣥ࢔ࢪࣛ࡞ࡁ኱ࡢ㸪⇕ᐜ㔞ࡀࡿ࠶ࡶሙྜࡿࢀࡉ⏝

᥋ゐࡤࢀࡅ࡞ࡀᛴ⃭࡞ ᗘኚ໬ࡿࡌ⏕ࢆఏ⇕࡛ࡢ࠸࡞ࡣ࡜ࡇࡿ࠶ࡀ㸪 SSiC

ᮦᩱࡢࣈ࣮ࣗࢳࢺࣥ࢔ࢪࣛࡣ⏝㏵࡛ࡣ⪏⇕⾪ᧁᛶࢆᣢࡘ㸬ࡣࢼ࣑ࣝ࢔ R㸪R’

㸬ࡿຎ࡟㸪⪏⇕⾪ᧁᛶࡃࡉᑠࡶࢀࡎ࠸ࡢ  

 

Table2 .5  Paramete r  o f  t hermal  shock f rac tu re  res i s t ance  o f  ce ramics .  

 

  

ıb E Ȟ Į 䃙 R R'

Mpa GPa 10
-6

/K W/(m䞉K) K kW/m

R&D 450 420 0.17 4.5 170 200 33.6

RBSN 700 300 0.27 3.2 15 530 8.0

Alumina 330 360 0.27 9.0 8 74 0.8



 

80 

 

2 . 7 . 3  ⪏㓟໬ᛶ࡚࠸ࡘ࡟  

S S i C ࡢࣈ࣮ࣗࢳࢺࣥ࢔ࢪࣛ ᐇ⏝ ᗘᇦ࡛ࡢ⪏㓟໬ᛶࢆ ⪃ᐹࡓࡋ 㸬↝⤖

ຓᮦ࡛࠺࡯ࡿ࠶⣲ࡢ Ⅳ໬ ⣲࠸ࡅ ⤖ᬗ୰ࡢ࡬ᅛ⁐㝈⏺ࡣ 㸪V o d a k o v
( 2 4 )

ࡢࡽ 

ሗ࿌࡜ࡿࡼ࡟ 2 7 7 3 K ࡛ 0 . 2 m a s s ࡾ࠶࡛% 㸪 T a j i m a ࡽ ( 2 7 ࡜ࡿࡼ࡟( 2 7 7 3 K ࡛

0 . 1 m a s s %㸪ࡧࡼ࠾Ⅳ໬࠸ࡅ⣲ࡢ ⦓ᐦ ࡓࡋ㛤Ⓨࢆᖖᅽ↝⤖య࡞ P r o c h a z k a

ࡽ ( 2 8 ࡣ( 2 3 7 3 K ࡢ Į ᆺⅣ໬ ࡋᑐ࡟⣲࠸ࡅ 0 . 2 m a s s ࡿ࠶࡛% ࡿ࠸࡚ࡋሗ࿌࡜ 㸬    

୍᪉㸪㧗  ୗ࡛ࡢ ࡣ⣲࠺࡯ ࿘ᅖ࡟⏕ᡂ࢝ࣜࢩࡓࡋ ࢆ≀ప⼥Ⅼ໬ྜ࡜➼*

స࠸ࡍࡸࡾ㸬㓟໬⭷ࡣ 1 4 7 0 K ⛬ᗘ࡛ᾮ┦ࢆᙧᡂ ( 2 9 ࡀ⣲࠺࡯㸪ࡀࡿࡍ( ከ࠸

ప࡜ ⼥Ⅼ ࡞࡟ ࡾ ὶኻ ࡝࡞ ࡼ࡟ ࡾ Ᏻᐃ ࡓࡋ 㓟໬ ⭷ ࡞࡟ 㞴ࡾ ࠸ ࡜ ⪃ ࡽ࠼ ࡿࢀ 㸬

ᮏ㛤Ⓨ࡚ࡋᑐ࡟ࢀࡇ S S i C ᮦᩱ࠺࡯ࡣ⣲ࡢ ᨺฟࡀᑡࡵࡓ࠸࡞㓟໬⭷ࡀప

⼥Ⅼ໬ࡋ㞴ࡃ㸪㓟໬⭷ࡀಖㆤ⭷࡚ࡋ࡜ᶵ⬟ ࠸ࡍࡸࡋ  ( 3 0 )㹼 ( 3 2 㸪ᵓࡽ࠿࡜ࡇ(

㐀ᮦ࡚ࡋ࡜㛗ᮇ㛫࡟ரࡿ౑⏝ࡿ࠼⪏࡟⪏㓟໬ᛶࢆ᭷ࡿࡍ㸬  

㓟໬ࡿࡼ࡟〇ရࡢᔂቯ࡚࠸ࡘ࡟⪃ᐹࡿࡍ㸬 ᘧ ( 2 - 6 ࡢ⣲࠸ࡅⅣ໬࡟( ୺࡞  

㓟໬཯ᛂ໬Ꮫᘧࢆ♧ 㸬ࡍ  

 

2 S i C  +  3 O 2  =  2 S i O 2  +  2 C O       ( 2 - 6 )  

 

㸪࡛ࡇࡇ  

ཎᏊ㔞 :  S i = 2 8 . 1 ,  C = 1 2 . 0   O = 1 6 . 0  

ᐦᗘ   :  S i C = 3 . 2 1 g / c m
3
   S i O 2 = 2 . 6 0 g / c m

3
 

㸬ࡿࡍ࡜  

ᘧ ( 2 - 6 )ᕥ㎶ࡢ 2 ࡢࣝࣔ S i C ࡉ㔜ࡢ ࡣ 8 0 . 2 g ࠶࡛ ࡣ✚యࡢࡑ㸪ࡽ࠿ࡿ 2 5 . 0 c m
3

㸬Sࡿ࠶࡛ i C ㎶ྑ࡚ࡋ㓟໬ࡀ 2 ࡢࣝࣔ S i O 2 ࡉ㔜࡜ࡿࡍᡂ⏕ࡀ ࡣ 1 2 0 . 2 g ࡛㸪

య✚ࡣ 4 6 . 2 c m
3 ࡿ࠶࡛ 㸬࡚ࡗࡀࡓࡋ㸪 ᕥ㎶ྑࡽ࠿㎶࡟཯ᛂࡀ㐍࡜ࡴ ࡢࡑ

య✚ ኚ໬ࡢẚ⋡ࡣ㸪    

 

4 6 . 2 c m
3
/ 2 5 . 0 c m

3
= 1 . 8 5  

 

࢝ࣜࢩ *  :  ஧㓟໬࠸ࡅ⣲  S i O 2  



 

81 

 

㸬Ⅳ໬ࡿ࠶࡛ ࡣ✚య࡜ࡿࡍ㓟໬ࡀ⣲࠸ࡅ 1 . 8 5 ಸࡿ࡞࡟㸬ࡢࡇ ෌⤖ᬗࡵࡓ

㉁Ⅳ໬࠸ࡅ⣲ ᮦᩱ࡞࠺ࡼࡢከᏍ㉁యࡿࡼ࡟〇ရ࡛ࡤࢀ࠶㸪 ⤌⧊ෆ㒊ࡀ㓟

໬ࢀࡉయ✚⭾ᙇࡀྜ⤖ࡾࡼ࡟ษ᩿ࡿࢀࡉ 㸬ࡿࡍᔂቯࡀ≦〇ရᙧࡽ࠿࡜ࡇ

࡚ࡋᑐ࡟ࢀࡇ S S i C ᮦᩱ ࡣ㓟໬ࡢ ⾲㠃ࡽ࠿㐍ࡽ࠿࡜ࡇࡴ㸪య✚⭾ᙇࡾࡼ࡟

〇ရᙧ≧ࡀᔂቯ࠼⪄ࡣ࡜ࡇࡿࡍ 㞴࠸㸬ࡋ࠿ࡋ㸪 ᪼㝆 ࡢ ࡗࡼ࡟ࡋ㏉ࡾ⧞

࡚Ⅳ໬࠸ࡅ⣲ ᇶᯈ࡜ ⾲㠃࡟⏕ᡂ࢝ࣜࢩࡓࡋ㉁ ࡼ࡟ᙇᕪ⭾⇕ࡢ࡜⭷㓟໬ࡢ

ࢀࡉ࠼㏉⧞ࡀ๤㞳ࡢ⭷㸪㓟໬ࡾ ⫗₞ḟῶࡽ࠿㠃⾲ࡣ㸪ᮦᩱ࡜ࡿ ࡿࡍ 㸬   
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2 . 7 . 4  ␗ᖖ⇞↝ࡿࡼ࡟⾪ᧁ࡚࠸ࡘ࡟  

⣽㛗ࣈ࣮ࣗࢳࢺࣥ࢔ࢪࣛ࠸ෆࢫ࢞⇞ྍ࡟ ᛶ࡜ࡿ࠸࡚ࡋ␃⁫ࡀ 㸪Ⅼⅆ᫬

ࡸ↝⇞ᖖ␗࡟ ⇿㎘ࡿࡌ⏕ࢆᠱᛕࡿ࠶ࡀ 㸬 ᫬ࡢࡇ Ⓨ⏕ࡿࡍ⾪ᧁࡾࡼ࡟࡝࡞

ࡣࣈ࣮ࣗࢳࢺࣥ࢔ࢪࣛ ᛂຊࡅཷࢆ㸪◚ᦆࡿ⮳࡟ ᠱᛕ 㸬ࡿࢀࡽ࠼⪄ࡀ ᕤᴗ

࡟࠺ࡼ࠸࡞ࡋ⏕Ⓨࡀ㇟⌧࡞࠺ࡼࡢࡇࡣ࡛⅔ ෆࣈ࣮ࣗࢳࢺࣥ࢔ࢪࣛ, ࡢ ṧ

ࡀࡿ࠸࡚ࢀࡉ࣒ࣛࢢࣟࣉࡀ᥮⨨ࡿࡼ࡟Ẽ✵࡟Ⅼⅆ๓ࡣࢫ࢞␃ 㸪༴㝤ᛶࡀ

඲ࡣ࡜࠸࡞ࡃゝ࠸ษ࠸࡞ࢀ 㸬ࡵࡓࡢࡇ , S S i C ෆ࡛⇿㎘ࣈ࣮ࣗࢳࢺࣥ࢔ࢪࣛ

ࡿࡅཷࡢࣈ࣮ࣗࢳ࡟ሙྜࡓࡌ⏕ࢆ↝⇞ᖖ␗࡞࠺ࡼࡢ ᛂຊ ⪄࡚࠸ࡘ࡟ ᐹࡋ

㸬ࡓ  

Ṋ⸨ ( 3 3 )㸪S . P . T i m o s h e n k o ࡽ ( 3 4 ▐ࡣ( 㛫ⓗ⇿ᅽࡿࡼ࡟ᵓ㐀≀ࡢ ࡿࡅཷ ᛂຊ

ࡋ࡜ࡿࡍẚ౛࡟✚ຊࡢᅽ⇿ࡣኚᙧࡣ࠸ࡿ࠶ 㸪ཷᅽ㒊࡛ࡢᐇ⾜ᅽຊ P s ᵓࡣ

㐀≀ࡢᅛ᭷࿘ᮇ T s ᅽస⏝᫬㛫⇿࡜ T 0 㸪ࡀ㛵ಀࡢ࡜ T s > T 0 ࡢ ᮲௳ ࡛ୗグࡢ

ᘧ ( 2 - 7 )㹼 ( 2 - 1 1 ࡓࡋ࡜ࡿࡁ࡛ࡀ࡜ࡇࡍ♧࡛( 㸬ࡢࡇᘧ࡚࠸⏝ࢆ⇿ᅽࡾࡼ࡟

S S i C ➃ඛࣈ࣮ࣗࢳࢺࣥ࢔ࢪࣛ ࢆᛂຊࡿࡍ⏕Ⓨ࡟ ᳨ウࡓࡋ㸬  

ࡓ࠸⏝ S S i C ᮦᩱࡢᶵᲔⓗᛶ㉁ࢆ T a b l e  2 . 6 ࡓࡋ♧࡟ 㸬ࣛࣗࢳࢺࣥ࢔ࢪ

ࣈ࣮ ༙ᚄ r = 0 . 0 3 8 5 m㸪 T 0 = 5 0 ȝ s ࡣ࡛ T s = 3 9 . 1 ȝ s 㸪ࡾ࡞࡜  T s > T 0 ‶ࢆ௳᮲ࡢ

㊊࠸࡞ࡋሙྜࡿ࠶ࡶ 㸪ࡀ T 0 ࡀ 1 0 ȝ s ࡜ 5 0 ȝ s ࡚ࡋ࡜ ィ⟬ࡓࡋ 㸬ࣛࢺࣥ࢔ࢪ

ᚄ༙ࡢࣈ࣮ࣗࢳ r ࣈ࣮ࣗࢳᑠᆺࡣ ࡽ࠿ ᮏ◊✲࡛ࡢ ኱ᆺ ࣈ࣮ࣗࢳ ࡿ࠶࡛

ȭ 2 0 0 m m ࡍ⾲ࢆ࡝࡞ 㸬  

 

T a b l e  2 . 6  M e c h a n i c a l  p r o p e r t i e s  o f  S S i C .  

 

 

⇿ᅽࢡ࣮ࣆࡢᅽࡣ㸪᪥ᮏᕤᴗ⅔༠఍ ( 3 5 ෆࣈ࣮ࣗࢳࢺࣥ࢔ࢪࣛࡓࡋ♧ࡀ(

ᮇ ᗘึ࡚࠸࠾࡟㎘⇿ࡿࡼ࡟ᩱ⇞ࣥࢱ࣓ࡢ࡛ 2 9 3 K ᅽຊࡓࡌ⏕࡛

P m a x = 1 . 8 6 M P a ࡢ㸬ᐇ㝿ࡓ࠸⏝ࢆ S S i C ༙ࡣ≦ඛ➃ᙧࡢࣈ࣮ࣗࢳࢺࣥ࢔ࢪࣛ

ࡀࡿ࠶࡛≦⌫ 㸪ࡣ࡛ࡇࡇ⇿ᅽ࠸ࡍࡸࡅཷࢆᖹ㠃ᙧ≧࡜ࡿࡍ࡜㸪 ࿘ᅖࢆᅛ

Young' modulus Poisson's ratio Density Wall thickness Radius

E Ȟ ȡ s r

GPa kg/m
3 m m

410 0.18 3170 0.007 0.0385䡚0.1000
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ᐃࡓࢀࡉ෇ᯈ ࢀࡽ࠼⪄࡜ 㸪ࡢࡇ᭤ࡆ๛ᛶಀᩘ D ᘧࢆ ( 2 - 7 ࡓࡵồࡽ࠿( 㸬ࡇ

ᘧࢆࢀ ( 2 - 8 ᅛ᭷᣺ືᩘࡢᅽ㒊ཷࡋ௦ධ࡟( Ȧ ࡓࡵồࢆ 㸬ᅛ᭷࿘ᮇ T s ᘧࢆ

( 2 - 9 ࡋ⟭ィࡽ࠿( 㸪ࢆࢀࡇ ( 2 - 1 0 ࡚ࡋ௦ධ࡟( P s ࡓࡵồࢆ 㸬ḟࢺࣥ࢔ࢪࣛ࡟

ᛂຊࡿࡍ⏕Ⓨ࡟➃ඛࣈ࣮ࣗࢳ ı 㸪ࡣ P s ᘧࢆ ( 2 - 1 1 ࡓࡋฟ⟭࡚ࡋ௦ධ࡟( 㸬   

 

እ࿘ᣊ᮰≧ែ࡛ࡿ࠶෇ᯈࡢ᭤ࡆ๛ᛶಀᩘ D  

D  =  
ா௦యଵଶሺଵିఔమሻ                    ( 2 - 7 )  

           

ᅛ᭷᣺ືᩘ Ȧ [  r a d / s  ]  

Ȧ  = Ȝ ට ஽ఘ௦㹰 ర                    ( 2 - 8 )  

 

㸪࡛ࡇࡇ Ȝ ࡣ S . P . T i m o s h e n k o ࡽ ( 3 4 ࡓࡋ♧ࡀ( እ࿘ᣊ᮰≧ែ࡛ࡿ࠶෇ᯈࡢ ᅛ

᭷࣮ࣔࡋ⾲ࢆࢻ㸪⠇෇ࡀᩘࡢ 0㸪ཬࡧ⠇┤ᚄᩘࡢ 0 ࢻḟᅛ᭷୍࣮ࣔࡢ࡛

ࡓࢀࡉ♧࡚ࡋ࡜ Ȝ = 1 0 . 2 1 ࡓ࠸⏝ࢆ 㸬  

 

ᅛ᭷࿘ᮇ T s  

T s  =  
ଵ௙ =  

ଶ஠ன  =  2  ʌ    ଵଵ  ଴Ǥଶଵට ವഐೞೝర         ( 2 - 9 )     

 

ཷᅽ㒊࡛ࡢᐇ⾜ᅽຊ P s ࡣ                                    ௦ܲ ൌ ߮ ௠ܲ௔௫ ൌ ቀͳǤͳͶ బ்்ೞቁ ௠ܲ௔௫            ( 2 - 1 0 )  

 

ᛂຊࡿࡍ⏕Ⓨ࡟➃ඛࣈ࣮ࣗࢳ ı  

            ı  =  
ଷ௥మ௉ೞସ௦మ                         ( 2 - 1 1 )  

 

ィ⟬⤖ᯝࢆ T a b l e  2 . 7 㸬ࡓࡋ♧࡟ ᯝ㸪⤖ࡢࡇ T 0 = 1 0 ȝ s ࣈ࣮ࣗࢳࡢሙྜࡢ

ඛ➃࡟Ⓨ⏕ࡿࡍᛂຊࡣ 1 2 . 3 M P a㸪ࡧࡼ࠾ T 0 = 5 0 ȝ s ࡣሙྜࡢ 6 1 . 6 M P a ࠶࡛

ࢀࡇ㸬ࡿ ๓㏙࡚ࡋᑐ࡟ 2 . 7 . 1 㡯࡛ồࡓࡵᘬᙇᙉࡉ ı t = 2 8 4 M P a 㸪ࡣ್ࡢ ࡑ 
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ࢀࡒࢀ T 0 = 1 0 ȝ s ࡣ࡛ 1 9 . 7 ಸ࡛ࡾ࠶㸪T 0 = 5 0 ȝ s ࡣሙྜࡢ 3 . 9 ಸ࡛࠿࡜ࡇࡿ࠶

࡚ࡗࡼ࡟㎘⇿ࡢ࡛௳᮲ࡢࡇ㸪ࡽ S S i C ࡉቯ◚࡟ᐜ᫆ࡀࣈ࣮ࣗࢳࢺࣥ࢔ࢪࣛ

ࡣ࡜ࡿࢀ 㸬࠸㞴࠼⪄  

⇿㎘Ⓨ⏕ ࡀࡿ࠶୙࡛᫂ࡣ↓᭷ࡢ 㸪➹⪅ ࡀ S S i C ࢆࣈ࣮ࣗࢳࢺࣥ࢔ࢪࣛ

1 9 8 7 ᖺࡽ࠿ᕷሙ࡟౪⤥ࡓࡁ࡚ࡋᐇ⦼࡛ࡣ 㸪࢕ࣇࣛࢢࢺࢡࣛࣇほᐹ ࡟࡝࡞

ࡾࡼ ➃ඛࡢࣈ࣮ࣗࢳ 㒊ศ ࡓࡋᦆ◚ࡾࡼ࡟ෆᅽࡀ ࡗ࠿࡞ࡣ㇟⌧ࡿࢀࢃᛮ࡜

㸬ࡓ  

 

 

T a b l e  2 . 7  S t r e s s  o f  r a d i a n t  t u b e  b y  d e t o n a t i o n  o f  m e t h a n e  g a s .  

             

 

 

 

 

 

 

 

 

 

 

 

 

 

            T 0 =10ȝs            T 0 =50ȝs
Radius Run pressure Stress Run pressure Stress

r P s ı P s 䚷䚷䚷ı
m MPa MPa MPa MPa

0.0385 0.54 12.31 ( 2.71 61.57 )

0.0510 0.31 12.31 1.55 61.57

0.0765 0.14 12.31 0.69 61.57

0.1000 0.08 12.32 0.40 61.61
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2.8  ⤖ゝ  

⬤ᛶᮦᩱ࡛ࡿ࠶ SSiC ᮦᩱ࡛኱ᆺࢻ࢚ࣥࣝࢢࣥࢩᆺࣛࡢࣈ࣮ࣗࢳࢺࣥ࢔ࢪ

〇㐀ᢏ⾡ࢆ㛤Ⓨࡋ㸪ຎᝏ࡞⎔ቃ࡛౑⏝ࡿࢀࡉ㧗 ⅔ࡢ࡬㐺⏝ࢆ∦ᣢࡕỈᖹᨭ

ᣢࡾࡼ࡟ヨࡓࡳ㸬ࡢࡑ⤖ᯝ㸪௨ୗࡓࡋ࡟࠿ࡽ᫂ࢆ࡜ࡇࡢ㸬    

(1 )  SSiC ኱ ᆺ ࢩ ࣥ ࢢ ࣝ ࢚ ࣥ ࢻ ᆺ ࣛ ࢪ ࢔ ࣥ ࢺ ࢳ ࣗ ࣮ ࣈ (ȭ 184ェȭ 170ェ

2200mm)ࡢ∦ᣢࡕỈᖹᨭᣢ࡛Ⓨ⏕ࡿࡍᛂຊࡣ 11.3MPa ಀᩘࣝࣈ࢖㸪࣡ࡾ࠶࡛

㸬࠸ࡉᑠ࡚࡭ẚ࡟ᮦᩱᙉᗘࡓࡵồࡽ࠿   

(2 )  SS iC ᮦᩱࡣ㸪ヨ∦ࡿࡼ࡟Ỉ୰ᛴ෭ヨ㦂࡛ࡣ ᗘᕪ 400㹼 450K ࡛◚ቯࡍ

ᛴ⇕ᛴ෭ヨࡿࡼ࡟↝⇞ࢼ࣮ࣂࡢࣈ࣮ࣗࢳࢺࣥ࢔ࢪᆺࣛࢻ࢚ࣥࣝࢢࣥࢩ㸪ࡀࡿ

㦂࡛ࡿࡼ࡟࡝࡞ࢫࣞࢺࢫࡣၥ㢟࠸࡞ࡣ㸬  

(3 )  SS iC ࡢ㛗ᮇ㛫࡚ࡋ࡜ᵓ㐀ᮦࡶ࡚ࡋ⏝㸪㧗 ࡛౑ࡣࣈ࣮ࣗࢳࢺࣥ࢔ࢪࣛ

౑⏝ࡿ࠼⪏࡟⪏㓟໬ᛶࢆᣢࡘ㸬  

(4 )  ௨ୖࡢⅬࡽ࠿㸪 SSiC ኱ᆺࢻ࢚ࣥࣝࢢࣥࢩᆺࣛࡣࣈ࣮ࣗࢳࢺࣥ࢔ࢪ㸪∦

ᣢࡕỈᖹᨭᣢࡾࡼ࡟㛗ᮇ㛫㧗 ࡛౑⏝ࡿ࠶࡛⬟ྍࡀ࡜ࡇࡿࡍ㸬  

 

ᮏ㛤Ⓨࡿࡼ࡟ SSiC 㸪ȭࡣࣈ࣮ࣗࢳࢺࣥ࢔ࢪࣛ 90mm ⛬ᗘࡢᑠᆺရࡵྵࢆෆ㸪

እ⟶࡚ࡏࢃྜࢆ⣙ 2000 ᮏ௨ୖࡀ 1985 ᖺ㡭ࡽ࠿⇕ฎ⌮⅔ᕷሙ࡟౪⤥ࢀࡉ㸪⌧

ᅾ✌ാ୰࡛ࡿ࠶㸬  
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➨ 3 ❶ ᖖᅽ↝⤖Ⅳ໬࠸ࡅ⣲ᮦᩱࡢ  

⁐⼥㔠ᒓຍ⇕⏝኱ ᆺ ᾐₕ⟶ࡢ࡬㐺⏝  

 

グྕ࣭༢఩  

 

 

ȡ㸸ᐦᗘ                                                 [ k g / m
3
] 

L㸸㛗ࡉ                                                    [ m ] 

E㸸ࣖࣥࢢ⋡                                              [ P a ] 

Į㸸⇕⭾ᙇ⋡                                          [ 1 / K ] 

ț㸸⇕ఏᑟ⋡                                          [ W / ( m࣭K ) ] 

ı b㸸᭤ࡆᙉࡉ                                          [ P a ] 

Ȟ 㸸࣏ࣥࢯ࢔ẚ 

İ 㸸ᨺᑕ⋡ 

h㸸⇕ఏ㐩⋡                                         [ W / ( m
2 ࣭ K ) ]  

ǼT㸸 ᗘᕪ                                                 [ K ] 

HV10 : ࡉ◳ࢫ࣮࢝ࢵࣅ 
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3 .1  ⥴      ゝ  

⁐⼥ள㖄ࡁࡗࡵἲ (H o t  d i p  ga l va n iz e d  c oa t in gs ࡣ⾡ᇶᮏⓗᢏࡢ( 174 2 ᖺ࡟

ࡢࢫࣥࣛࣇ M elo u im
( 1 ࡢ㸪௒᪥〇㕲ᡤࢀࡉ㛤Ⓨࡾࡼ࡟( CG L

( 2 )ᕤ⛬࡛኱㔞⏕

㸬ࡿ࠸࡚ࢀࡉ⏝ศ㔝࡛౑࠸ᖜᗈࡣ㗰ᯈࡁࡗࡵள㖄࠸ᙉ࡟Ᏻ౯࡛⭉㣗ࡓࢀࡉ⏘

ᮏ◊✲࡛ࡢ⁐⼥ள㖄ࡁࡗࡵᢏ⾡ ࡁࡗࡵࡅₕࣈࢻ) ࡣ( J IS  H8 641 ࡚ࢀࡉ♧࡟

ࡁࡗࡵ㸪ࡵࡓࡢ๤㞳㜵Ṇࡢᒙࡁࡗࡵࡣ㗰ᮦࡿࢀࡉࡁࡗࡵ㸪⁐⼥ள㖄ࡀࡿ࠸

ᚋࡢᕤ⛬࡛⁐᥋ࡸษ᩿ຍᕤ࡞࠺ࡼ࠸࡞ࡋࢆ〇ရᙧ≧࡛ࡿࢀࡉ࡞ሙྜࡀከ࠸㸬

⏝㏵ࡣ㸪⪏㗵ᛶࡸ⪏ೃᛶ࡟ඃࡽ࠿࡜ࡇࡿࢀ㧗㏿㐨㊰ࡸ࣮ࣝࣞࢻ࣮࢞ࡢሐ㜵

ᘓタ㸪ᘓᮦ㸪ࡧࡼ࠾⮬ື㌴⏝ࡾ࠶࡛࡝࡞㸪ࡢࡑ㟂せࡣ኱࠸ࡁ㸬ࡁࡗࡵᕤ⛬

ࢆ␎ᴫࡢ Fi g . 3 .1 ᾮ࡛Ἔ⬡ศ㸪㓟ᛶ⁐ࣜ࢝ࣝ࢔ࡣ㗰ᮦࡢ≀⌮㸬⿕ฎࡓࡋ♧࡟

⁐ᾮ࡛ࢆ࣮ࣝࢣࢫ㝖ཤࢫࢡࢵࣛࣇࢀࡉฎ⌮ᚋ࡟⁐⼥ள㖄࡟ᾐₕࡁࡗࡵ࡚ࡋ

㸬ࡿࢀࡉ Fi g .3 . 2 ⼥⁐㸪ࡣ≀⌮㸬⿕ฎࡓࡋ♧ࢆᴫ␎ᅗࡢ⅔ࡁࡗࡵள㖄⼥⁐࡟

ள㖄ᾎ࡟ᾐₕ㸪ᦂືࡢ࡝࡞᧯సࡿࢀࡉࡁࡗࡵ࡚ࡋࢆ㸬ᚑ᮶ࡢ⁐⼥ள㖄ᾎࡢ

ࡣࡉ῝ 10 00㹼 12 0 0mm ⛬ᗘ࡛ࡀࡿ࠶㸪኱ᆺ໬ࡀᮃࡿ࠸࡚ࢀࡲ㸬   

ள㖄ࡣ⪏ⅆ≀〇ࡢ⁐⼥ᾎ࡛ᾐₕ⟶ࡾࡼ࡟ࢱ࣮ࣄຍ⇕⁐⼥ࡀࡿࢀࡉ㸪ᾐₕ

Ⅳ⣲ࡓࢀࡉᡂ↝࡚ࡋῧຍࢆⅣ⣲㉁⤖ྜᮦ࡟㦵ᮦࡢ࡝࡞⣲⢊࠸ࡅⅣ໬ࡣ࡟⟶

㉁⤖ྜⅣ໬࠸ࡅ⣲ᮦᩱ (௨㝆 SiC -C ࡍ␎࡜ ࡣᮦᩱࡢࡇ㸬ࡿ࠸࡚ࢀࡉ⏝᥇ࡀ(

ᙉᗘࡀᑠࡃࡉከᏍ㉁࡛ࡀࡿ࠶㸪ప౯᱁࡛ࡃᙉ࡟࡝࡞ᧁ⾪⇕ࡿࡼ࡟ືኚ㠃‮

౑ࡽ࠿࡜ࡇ࠸ࡍࡸ࠸ᬑཬࡓࡋ㸬୍᪉㸪ᕷሙࡢᾐₕ⟶࡟ᑐࡿࡍせồࡣ࡟኱ᆺ

໬㸪⪏㣗ᛶྥୖ㸪ࡧࡼ࠾⇕ຠ⋡ྥୖࡿ࠶ࡀ࡝࡞㸬≉࡟⪏㗵ᛶ࡟ඃࣝ࢔ࡿࢀ

࣒࢘ࢽ࣑ -ள㖄ྜ㔠ࡣ࡛ࡁࡗࡵάᛶ࡜ࡇࡿࢀࡽ࠸⏝ࡀ࣒࢘ࢽ࣑ࣝ࢔⼥⁐࡞

㸪ࡽ࠿ SiC -C ᮦᩱࡣ⟶ෆ㠃ࡿࡼ࡟ࢫ࢞↝⇞ࡢ㓟໬࡟࠿࡯ࡢ㸪እഃ㠃࡛ࡣ⁐

ࢫࣟࢻ࡜‮ ( 3 )
 ⏺㠃࡛ࡢᒁ㒊ⓗ⁐ᦆࡢ࡝࡞ၥ㢟ࡿ࠶ࡀ㸬࡟ࡽࡉᕷሙࡢせồࡍ

㸬ࡿ࠶ᅔ㞴࡛ࡣᑐᛂࡵࡓ࠸ࡉᑠࡀ㸪ᶵᲔⓗᙉᗘࡣ〇㐀ࡢ⟶኱ᆺࡿ  

ࡢ㸪ᮏ㛤Ⓨࡣࠎᡃ࡛ࡇࡑ SSiC ࡼ࡟⇕ຍࡁ↏ࢫ࢞ࢆࣈ࣮ࣗࢳࢺࣥ࢔ࢪࣛ*

㸬SSiCࡓࡋヨ㦂ࢆ⏝㐺ࡢ࡚ࡋ࡜⟶ᆺᾐₕࡳ㎸ࡆᢞࡿ ኱ᆺᾐₕ⟶ࡢᐇᶵ㐺⏝

ᾐ㣗ࡿࡼ࡟࡝࡞㓟໬㸪⁐⼥㔠ᒓࡿࡼ࡟ࢫ࢞↝⇞㸪ࡣၥ㢟Ⅼࡿࡅ࠾࡟ ( 4 )㹼 ( 6 )  㸪

ẚࡿࡍ✚ሁ࡟ᗏ⅔࡟ࢀࡑᛂຊ㸪ࡿࡍ⏕Ⓨ࡚ࡗࡼ࡟ᾋຊ࡜ࡿࡏࡉᾐₕ࡟ࡵᩳ

㔜ࡢ኱ࡸࢫࣟࢻ࣒ࢺ࣎࠸ࡁ㸪ࡢ‮⁐ࡢࢫࣟࢻࣉࢵࢺࡓࡋᅛจ࡟ᐦ⥭࡛㠃‮  

 

SS iC * :  ᖖᅽ↝⤖Ⅳ໬࢖ࢣ⣲  
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‮ࡢ⟶㸪ᾐₕࡣၥ㢟Ⅼ࡞ࡁ኱ࡶ㸬᭱ࡿ࠶࡛࡝࡞ᛂຊࡿࡍ⏕Ⓨ࡚ࡗక࡟ࡁື

㠃ୖୗ㛫ࡢ ᗘᕪࡾࡼ࡟Ⓨ⏕ࡿࡍᛂຊࡀ㸪ᧁ⾪⇕࡟⟶ₕᾐࡾࡼ࡟ືኚ㠃‮

ࡵࡓࡿࡍ⇕᩿ࡽ࠿⅖ⅆࢼ࣮ࣂࢆ㸪ᾐₕ⟶ෆ㠃ࡵࡓࡢࡇ㸬ࡿ࠶Ⅼ࡛ࡿ࠼୚ࢆ

࿴⦅ࢆຊᛂ㸪࠼ᢚࢆᕪᗘ ࡢ㛫ୗୖ㠃‮ࡢ⟶ᾐₕ࡛࡜ࡇࡿࡅタࢆ⟃⇕᩿ࡢ

ओ࣒ࢸࢫࢩࢺࢵࢿࣂ࢖ࢧࡣ࡟㸬ఏ⇕ゎᯒࡓࡳヨࢆᐇ⏝໬ࡿࡼ࡟࡜ࡇࡿࡏࡉ

ỗ⏝᭷㝈せ⣲ἲࢻ࣮ࢥ A NSYS  V er .5 .5 ⇕⪏ࡣ㸬ヨ㦂࡛ࡓ࠸⏝ࢆ࣒ࣛࢢࣟࣉ

⾪ᧁᛶࡧࡼ࠾㛗ᮇ㛫౑⏝ࡓࡋ SSiC ᾐₕ⟶ࡢ⇕ఏᑟ⋡ࡢ⤒᫬ኚ໬ࡸ⁐⼥ள

㖄ࡿࡼ࡟⪏㣗ᛶࢆ࡝࡞ ᐃࡓࡋ㸬  

ᮏ◊✲ࡢ┠ⓗࡣ㸪SSiC ኱ᆺᾐₕ⟶ࢆ⁐⼥ள㖄ࡁࡗࡵ⅔࡛Ᏻ඲࡟౑⏝ࡿࡍ

᪉ἲࢆ㛤Ⓨࡿ࠶࡛࡜ࡇࡿࡍ㸬  

 

 

     D e w a x i n g  

              A l k a l i n e  s o l u t i o n  

              R i n s e  

     D e s c a l i n g  

              A c i d i t y  s o l u t i o n  

              R i n s e  

     F l u x  t r e a t m e n t  

       D r y  

     G a l v a n i z i n g  

               㹼 7 5 0 K   

     W a t e r  q u e n c h i n g  

 

F i g . 3 . 1  M a n u f a c t u r i n g  p r o c e s s  o f  h o t  d i p  g a l v a n i z e d  c o a t i n g s .  
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C r a n e  

S S i C  i m m e r s i o n  

t u b e  

M o l t e n  z i n c  

W o r k s  

B u r n e r  

D r o s s  

B o t t o m  d r o s s  

F i g . 3 . 2  S c h e m a t i c  d i a g r a m  o f  t h e  f u r n a c e  o f  h o t  d i p  g a l v a n i z e d  

c o a t i n g s  w i t h  S S i C  i m m e r s i o n  t u b e .  

B u r n e d   

g a s  

1 0 0 0㹼  

2 5 0 0 m m  
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3.2 ⇕⾪ᧁࡢᴫせ࡜ヨ㦂ᮦᩱ 

3.2.1 ⇕⾪ᧁࡢᴫせ 

⁐⼥ள㖄ࡁࡗࡵసᴗ࡛ࡣ๓㏙ Fi g . 3 . 2 ฎ⿕ࡢள㖄ᾎ୰࡛࡟࠺ࡼࡓࡋ♧࡟

㸪࡟ᩚㄪ㔞‮ࡸἼࡿࡌ⏕సᴗ࡛ࡢ࡝࡞ࢀධࡋฟࡣ࠸ࡿ࠶ᦂື᧯స㸪ࡢ≀⌮

࡛ഐ㏆㠃‮㸬ࡿࡍ⏕Ⓨࡀᧁ⾪⇕࡛ഐ㏆㠃‮ࡢ⟶ₕᾐ㸪ࡌ⏕ࢆືኚ㠃‮ࡾࡼ

Ⓨ⏕ࡿࡍ⇕⾪ᧁࢆᶍᘧⓗ࡟ Fi g . 3 .3 㸪ᾐₕ⟶ෆࡣࢫ࢞↝⇞ࡢ 㸬㧗ࡓࡋ♧࡟

ቨ࡟⇕ఏ㐩⋡ h 1 ࡋ᥋࡟‮⁐ࡣ㸪ᾐₕ⟶እ㠃࡛ࡀࡿࡍ᪼ୖࡽࡀ࡞࠼୚ࢆ⇕࡛

⋠ఏ㐩⇕࡛࡜㒊ศࡿ࠸࡚ࡋ᥋࡜㒊ศ࠸࡞࠸࡚ h 2 ࡧࡼ࠾ h 3 㸪ᾐࡵࡓࡿ࡞␗ࡀ

ₕ⟶⁐ࡾࡼ࡟ືኚ㠃‮㸬ࡿࡍ⏕Ⓨࡀຊᛂ㸪ࡌ⏕ࢆᕪᗘ ࡛㛫ୗୖ㠃‮ࡢ‮

㸬ࡿࡍ⏝స࡚ࡋ࡜㸪⇕⾪ᧁ࡜ࡿࡍ᥋࡟㧗 㒊ศࡢ⟶ᾐₕࡀ  

  

   

 

Fig.3.3 Factors of thermal shock around the surface of molten metal. 

Immersion tube wall

   Inside of tube Atmosphere in furnace

     (about 770K)

  h 2

  h 1 Oscillation

Surface of molten metal

(about 730K)

Temperature

  Burned gas       h 3

  ( about 1300K) Molten metal
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Fi g .3 .4 ࡿ࠸࡚ࡋാ✌࡛⅔ࡁࡗࡵள㖄⼥⁐࡟ 2 ᮏࡢ S SiC ᾐₕ⟶࡜㸪ᾐₕ

సᴗ୰ࡢ 1 ᮏࡢᾐₕ⟶ࡓࡋ♧ࢆ㸬ࡲࡣ≀໬㓟㐟ᾋࡵࡓࡿ࠶࡛ᚋ┤ᤲΎ㠃‮

㸬࠸࡞ᑡࡔ Fi g . 3 . 5 㸪✌ാᚋ⣙ࡣ 1 ࢀࡉ㏵୰࡛ほᐹࡆୖࡁᘬࡢ⟶ᾐₕࡢ᭶ࢣ

ྵࡀ≀໬㓟ᒓ㔠࡜ᒓ㔠ࡣ࡟ࢫࣟࢻ㸬ࡓࡋ♧ࢆࢫࣟࢻࡓࡋ╔௜࡟ഐ㏆㠃‮ࡓ

ࡣ⋠ᙇ⭾⇕ࡢ㸪㔠ᒓࡀࡿࢀࡲ SSiC จᅛࡋ෭༷ࡀ㸪㔠ᒓࡵࡓ࠸ࡁ኱࡚࡭ẚ࡟

㸪ࡋ㏉ࡾ⧞ࡢືኚ㠃‮ࡣࢫࣟࢻ㸬ࡿࡍ╔௜࡟ᙉᅛࡅ௜ࡵ⥾ࢆ⟶ᾐₕ࡜ࡿࡍ

㸬ࡿࡆጉࢆసᴗࡁࡗࡵࡋᡂ㛗ࡃ㸪ཌࡃᖜᗈ࡟ࡶ࡜࡜᫬㛫⤒㐣ࡾࡼ࡟  

 

 

 

 

 

     F i g . 3 . 1 1  S S i C  i m m e r s i o n  t u b e s  w o r k i n g  o n  m o l t e n  z i n c  b a t h .  F i g . 3 . 4  V i e w  o f  S S i C  i m m e r s i o n  t u b e s  o n  t h e  f u r n a c e  o f   

h o t  d i p  g a l v a n i z e d  c o a t i n g s .  

W o r k i n g  t u b e  S t a r t  o f  i m m e r s i n g   

S S i C  i m m e r s i o n  t u b e  

ȭ 2 2 5ェȭ 2 0 5ェ2 3 0 0 m m  

 

 D r o s s  

F i g . 3 . 5  V i e w  o f  S S i C  i m m e r s i o n  

  t u b e  a n d  d r o s s  o n  

    g a l v a n i z i n g  f u r n a c e .  

M o l t e n  z i n c  
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3.2.2 ヨ㦂ᮦᩱࡢᶵᲔⓗᛶ㉁ 

ヨ㦂ࡓ࠸⏝࡟ヨᩱࡣ㸪ᮏ㛤Ⓨࡢ SS i C ᮦᩱ࡛ࡿ࠶ ( 7 )㸬 SSiC ᮦᩱࡢᐊ ࡛

⣲࢖ࢣⅣ⣲㉁⤖ྜⅣ໬ࡿ࠸࡚ࡋᬑཬ࡚ࡋ࡜⟶㸪ᾐₕࢆ௦⾲ⓗᶵᲔⓗᛶ㉁ࡢ

ᮦᩱ SiC -C ࡚ࡋẚ㍑࡜ T ab l e 3 . 1 㸬SSࡓࡋ♧࡟ iC ࠶ᮦᩱ࡛࡞ᐦ࡛㧗ᙉᗘ⦔ࡣ

㸪࡚ࡋᑐ࡟ࡢࡿ Si C -C ᮦᩱࡣከᏍ㉁࡛ᙉᗘࡀపࡽ࠿࡜ࡇ࠸㸪⇕ఏᑟ⋡ ț ࡜

᭤ࡆᙉࡉ ı b㸪ࢢࣥࣖࡧࡼ࠾⋡ E 㸬ࡿࢀࡽࡳࡀ࠸㐪࡟  

  

 

Ta b l e3 . 1  M e ch an ic a l  p r op e r t i e s  o f  im me rs io n  t ub e .  

   

   

         

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  Material ȡ ț Į 䃢 b E Ȟ

kg/m
3 W/(m䞉K) 10

-6
/K MPa GPa

SSiC 3160 170 4.5 450 420 0.18

   SiC-C 2200 20 3.7 20 8䡚13 *
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3 .3  ヨ㦂᪉ἲࡧࡼ࠾⤖ᯝ  

3 . 3 .1  ⇕⾪ᧁヨ㦂  

3 . 3 .1 . (1 )  Ỉ୰ᛴ෭ヨ㦂᪉ἲ  

Ỉ୰ᛴ෭ヨ㦂࡛ࡣヨᩱᑍἲࡀ኱ࡃࡁ㸪ヨᩱ ᗘࡀ㧗࡜ࡿ࡞ࡃỈࡃࡋ⃭ࡀ

Ἓ㦐ࡵࡓࡿࡍ෭༷ࡀ୙ᆒ୍ࡽ࠿࡜ࡇࡿ࡞࡟㸪኱࡞ࡁヨᩱࢆᑠ࡞ࡉ ᗘᕪ࡛

◚ቯ࡟࠺ࡼࡿࡍ㸪⟶ᙧ≧ࡢヨᩱ୍ࡢ㒊ࢆỈ෭ࡋ ᗘᕪࡓࡋࡃ᫆ࡌ⏕ࢆ㸬⇕

ఏ㐩⋡ࡿ࡞␗ࡢᾮయ࡜ẼయࡢඹᏑࡿࡍ᮲௳࡛⇕⾪ᧁヨ㦂ࡓࡋࢆ㸬ヨᩱᙧ≧

㸬ࡿ࠶࡛≦⟶ࡢȭ65ェȭ50ェL mmࡣ  F i g .3 .6 㸬ヨᩱࡓࡋ♧ࢆ␎ᴫࡢヨ㦂᪉ἲ࡟

ࡢ㸪┤ᚄࡋ⇕ຍ࡟Ỉᖹ≧ែ࡛ᡤᐃ ᗘࢆ 1 / 4 ㏿࡟Ỉ୰ࡓ࡭࠿ᾋࢆịࢆࡅࡔ

␗ࡢ࡝࡞ட⿣ࡢヨᩱ⾲㠃࡟ᚋࡓࡏࡉ෭༷ࡋᣢ⥔ࡲࡲࡢࡑ㸪ࡏࡉⴠୗ࡟࠿ࡸ

ᖖࢆ┠どࡿࡼ࡟ᾐ㏱᥈യ᳨ᰝἲ *࡛☜ㄆࡓࡋ㸬  

 

 

 

 

F i g .3 .6  T es t  me tho d  o f  t he rm al  sh oc k  b y wa te r  qu en c h in g .  

 

 

ᾐ㏱᥈യ᳨ᰝ * :  യ࡟ᾐ㏱᳨ࡓࡋᰝᾮࢆ⣸እ⥺࡛ほᐹࡿࡍ  

Quickly down

Sample

 D

    D /4

Water
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3 .3 .1 . (2 )  Ỉ୰ᛴ෭ヨ㦂⤖ᯝ  

Ta b l e3 . 2 ࡀ㸬 ᗘᕪࡓࡋ♧ࢆỈ୰ᛴ෭ヨ㦂⤖ᯝࡿࡼ࡟ᙧ≧ヨᩱ⟶࡟ 2 00 K

ࡀ㸪 ᗘᕪࡀ࠸࡞ࢀࡽࡵㄆࡣ⏕ட⿣Ⓨ࡛ࡲ 25 0K ௨ୖ࡛ࡣ㛗ࡉ 115  mm ࡼ࠾

ࡧ 2 30m m ࡢ᪉ྥࡉ㛗ࡢヨᩱ࡟㒊ศࡓࢀࡉỈ୰࡛෭༷ࡶヨᩱ࡛ࡢࢀࡎ࠸ࡢ

ட⿣ࡀㄆࡓࢀࡽࡵ㸬࡚ࡗࡀࡓࡋ㸪ࡢࡇヨ㦂࡛ࡢ⪏⇕⾪ᧁ ᗘᕪࡣ⣙ 20 0 K

㸬ࡿ࠶࡛  

 

 

Ta b l e3 . 2  R es u l t  o f  t he rm al  sho c k  t es t  b y wa te r  qu en c h in g .  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

L 䏓T  (K)

(mm) 200 250 300 350

115 䚽䚽䚽 䚽䚽× 䚽× ×

230 䚽䚽 䚽× × ×

䚽:䚷no crack ×:䚷crack

Sample size:䚷ĳ65mm㽢ĳ50mm㽢L
ࠐ :  N o  c r a c k    × :  C r a c k  

S a m p l e  s i z e :  ȭ 6 5 ×ȭ 5 0 × L  
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3 .3 .1 . (3 ) 㦂ヨᧁ⾪⇕ࡿࡼ࡟‮⁐   

ヨ∦ࡿࡼ࡟Ỉ୰ᛴ෭ヨ㦂࡟ᑐ࡚ࡋ㸪ᐇᶵ࡛౑⏝ࡿࡍᾐₕ⟶ࢆᐇᶵ⅔ࡢ⁐

㸬ࡓࡋࢆ㦂ヨ⇕ᛴࡿࡏࡉₕᾐ࡟‮ SS iC ᾐₕ⟶ࡢᑍἲࡣȭ 22 0ェȭ 2 00ェ140 0  

mm ࡟┤ᆶ࡚ࡋᣢᨭࢆࢪࣥࣛࣇ࡚࠸⏝ࢆ࣮ࣥࣞࢡ࡟ୖ㠃‮ࢆࢀࡇ㸪ࡾ࠶࡛

 ᐊࢆࢀࡇ㸪ࡆୗࡾྞ 29 0 K ᗘ ࡟࠿ࡸ㏿ࡽ࠿ 9 00 K ⣙‮⁐࣒࢘ࢽ࣑ࣝ࢔ࡢ

120 0k g ⣙ࡽ࠿ඛ➃㒊࡟୰ࡢ 3 0mm 㸬ࡓࡏࡉᾐₕࡅࡔ   

ᯝ㸪⤖ࡢࡑ 3㹼 4 ⛊ᚋ࡟◚⿣㡢࡟ࡶ࡜࡜ᾐₕࡓࢀࡉ㒊ศࡀ◚ᦆࡓࡋ㸬◚ᦆ

࡞ࢡ࣮࣐ࣈࣜࡣⅬ㉳ቯ◚㸪ࡌ⏕࡛㛫ࡢ㒊⌫༙ࡽ࠿➃ඛࡓࢀࡉₕᾐ࡟‮⁐ࡣ

ࡢ࡝ ( 8 ) ( 9 )◚㠃ほᐹ㸬ࡿ࠶࡛㒊➃ඛࡓࡋゐ᥋࡟‮⁐ࡽ࠿ Fi g .3 .7 ࢆᦆ㒊ศ◚࡟

࡞ࡋࢆ⇕ண㸪ࡣྜሙࡿࡏࡉₕᾐ࡟‮⁐ள㖄ࢆ⟶ᾐₕࡽ࠿࡜ࡇࡢࡇ㸬ࡓࡋ♧

㸬ࡿࢀࡉุ᩿࡜ࡿ࠶ࡀᛶ⬟ྍࡿࡍᦆ◚࡜࠸ 9 0 0 K 㸪ࡣⓗ┠ࡓࡋ㦂ヨ࡛‮⁐ࡢ

⣙ 7 30 K ࡀ ‮࡛୰↝⇞ࡀ⟶ₕᾐࡢᅖ࿘㸪ࡾࡓ࠶࡟ࡿࡍ⏝౑࡛‮⁐ள㖄ࡢ

㧗ࡿ࠸࡚ࡗ࡞ࡃሙྜ࡝࡞㸪ཝ࠸ࡋ᮲௳࡛ࡢ⪏⇕⾪ᧁᛶࢆ☜ㄆ࠶࡛ࡵࡓࡿࡍ

㸬ࡿ Fi g .3 .7 ࡵࡓࡿࡍᢚไࢆ╔௜ࢫࣟࢻ㸪ࡣࡢࡿ࠶ⓑⰍ࡛ࡀ⟶ᾐₕ࡚࠸࠾࡟

㸬ࡿ࠶࡛ࡵࡓࡓࡋሬᕸࢆሬᩱࡿࡍ࡜ᡂศࢆ⣲⢊࠺࡯໬❅࡟  

 

 

F i g .3 .7  F r a c t u r e  o f  SS iC  imm e rs io n  t u be  b y h e a t  s ho ck   

wi th  90 0K  mol t e n  a lumin um.  

ȭ 2 2 0  

R i b  m a r k s  

F r a c t u r e  o r i g i n  
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3 .3 .2  ᐇᶵ㐠㌿࡛ࡢ⇕⾪ᧁヨ㦂  

3 .3 .2 . (1 )  ⇕⾪ᧁヨ㦂᪉ἲ  

ᐇᶵ࡛ࡢ኱ᆺᾐₕ⟶ࡣ㸪⁐⼥ᾎࢆ㛗ᮇ㛫೵Ṇࡓࡋᚋ࡟෌✌ാࡿࡍሙྜࡢ

⏕࡟㛫ࡢୗ㒊࡜㒊ୖࡢ⟶ᾐₕ࡟ฟຊไᚚ᫬ࡢ㸪㏻ᖖ᧯ᴗ࡛ࡸⅬⅆ᫬ࢼ࣮ࣂ

㸬ࡓࡋㄆ☜ࢆᐇᶵ࡛⪏⇕⾪ᧁᛶࡽ࠿࡜ࡇࡿࡅཷࢆᧁ⾪⇕ࡾࡼ࡟ᗘᕪ ࡿࡌ

⪏⇕⾪ᧁヨ㦂ࡣ㸪ᑍἲࡀȭ 2 25ェȭ 2 00ェ230 0mm ⿦ࢆࢼ࣮ࣂ࡟⟶ᾐₕࡿ࠶࡛

⣙࡟ᗘ⛬࠸࡞ࡋᅛจࡀ‮⁐ࡾࡼ࡟࡜ࡇࡿࡍ㐠㌿ࢆ⟶ᾐₕࡢ㸪࿘ᅖࡋ╔ 1 㐌

㛫ಖᣢࡓࢀࡉ⁐⼥ள㖄㔞⣙ 2 .5ェ10
5
k g ᛴ⃭ࢆࢼ࣮ࣂ࡟෌✌ാ᫬ࡢᾎ⼥⁐ࡢ

ࢩࡓࢀࡉᤄධࡽ࠿ࢻࢵ࣮࣊ࢼ࣮ࣂ㸪ࡣᗘ ࢫ࢞ࡢ㸬ᾐₕ⟶ෆࡓࡏࡉ↝⇞࡟

ࢫ࣮ K ⇕㟁ᑐ࡛ ᐃࡓࡋ㸬ࢼ࣮ࣂᐃ᱁ࡣ⣙ 10 0  kW ࡛㸪⇞ᩱࡣ㒔ᕷ࢞ࢫ 13A

㸬ࡿ࠶࡛  

 

3 . 3 .2 . (2 )  ⇕⾪ᧁヨ㦂⤖ᯝ  

㛗ࡉ 23 00m m ᾐₕ⟶࡚࠸⏝ࢆ㸪ࡿࡼ࡟ࢼ࣮ࣂᛴຍ⇕ࡢ⇕⾪ᧁヨ㦂ࡓࡋࢆ㸬

ᾐₕ⟶ෆࢫ࢞ࡢ ᗘ ᐃ⤖ᯝࢆ Fi g . 3 .8 ࡍฟࡁ྿ࡀ⅖ⅆࡽ࠿⟶㸬ෆࡓࡋ♧࡟

఩⨨࡛ࡿ࠶ A ⅬࡣⅬⅆᚋᩘ⛊࡛ಖᣢ ᗘࡽ࠿⣙ 4 50 K 㸪⇕஺᥮ࡀࡓࡋ ᪼

ࡢฟཱྀࢫ࢞↝⇞ࡓࢀࡉ B Ⅼ࡛ࡣ 10 0 K ⛬ᗘࡾ࠶࡛ ᪼ࡢ㸪ୖୗ᪉ྥ࡛ 35 0K

ࡣሙྜࡢ㸬ᾘⅆࡿࡌ⏕ࢆᗘᕪ ࡢ A Ⅼᩘࡣ⛊࡛⣙ 45 0 K 㝆 ࡀࡓࡋ㸪 B Ⅼ

࡟㏫ࡣ࡟㸪 ᩘ⛊ᚋࡃ㐜ࡣ㝆 ㏿ᗘࡢ B Ⅼࡢ ᗘࡀ㧗ࡿ࡞ࡃ㸬ࡢࡇ⇕⾪ᧁヨ

㦂ࡣ㸪⅔ࡢಟ⌮ࡸᕤሙࡢ㛗ᮇ㛫ఇᬤࢆ฼⏝࡚ࡋ 1 ᖺ㛫࡟ 4 ᅇ⧞ࡾ㏉ࡓࢀࡉ

࡟ᐃᖖ≧ែࢆᾎ⼥⁐ࡃ᪩ࡣ⪅⏝౑ࡢ⅔㸬࠸࡞ࢀࡽࡵㄆࡣᖖ␗࡟⟶㸪ᾐₕࡀ

ᡠࡃ࡭ࡍᛴຍ⇕᧯సࡾ⧞ࢆ㏉ࡋ㸪᪥ᖖ᧯ᴗ࡛ไࢼ࣮ࣂࡢࡵࡓࡢᩚㄪ ‮ࡣ

ᚚࡾࡼ࡟⇕⾪ᧁࡀࡿࡌ⏕ࢆ㸪ᾐₕ⟶࡟ၥ㢟ࡢⓎ⏕࠸࡞ࡣ㸬  
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                0       3 0 0     6 0 0     9 0 0    1 2 0 0    1 5 0 0  

                                T i m e  (  s  )    

 F i g . 3 . 8  D i f f e r e n c e  i n  t e m p e r a t u r e  b e t w e e n  t o p  a n d  b o t t o m  o f  S S i C  

    i m m e r s i o n  t u b e  o n  t h e  f u r n a c e  o f  h o t  d i p  g a l v a n i z e d   

c o a t i n g s .  

 

 

 

 

 

 

 

 

 

M e a s u r i n g  p o i n t  B  

A  

M e a s u r i n g  p o i n t  A  

ȭ 2 2 5 m m  

S S i C  t u b e  2 3 0 0 m m   

1 2 7 5  

1 0 7 5  

8 7 5  

6 7 5  

4 7 5  

B  
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3 . 3 . 3 ᩿ ⇕ ⟄ ࡢ ຠ ᯝ  

3 . 3 .3 . (1 )  ᾐₕ⟶ෆࢫ࢞ࡢ ᗘࡢ ᐃ᪉ἲ  

ࡽ࠿㸪⟶ቨࡵࡓࡿࡵỴࢆ⨨タ⨨఩ࡢࡑࡼ࠾ࡢ⟃⇕᩿ 3㹼 5m m 㞳ࡓࢀ⟶ෆ

ࢫ࣮ࢩࡣ㸬 ᗘࡓࡳヨࢆᐃ≉ࡢ⨨఩ࡿࡌ⏕ࢆ㸪 ᗘኚ໬ࡋᐃ ࢆᗘ ࢫ࢞

K ⇕㟁ᑐࢆ⟶ᗏࡽ࠿₞ḟᘬࡽࡀ࡞ࡆୖࡁ ᐃࡓࡋ㸬⁐⣙ࡣᗘ ‮ 7 30 K ࡛㸪

 ᐃࡓ࠸⏝࡟ᾐₕ⟶ᑍἲࡣȭ 2 20ェȭ 2 00ェ140 0  m m ࡢᙉᙅࡢ⅖㸬ⅆࡿ࠶࡛

ᙳ㡪ࢆ⪃៖ࡋ㸪ࢼ࣮ࣂ⇞↝㔞ࡣ 60 k W ࡜ 7 0kW ࡛ᐇ᪋ࡓࡋ㸬  

 

3 . 3 . 3 . ( 2 )  ᾐ ₕ ⟶ ෆ ࡢ ࢞ ࢫ   ᗘ ࡢ   ᐃ ⤖ ᯝ  

᩿ ⇕ ⟄ ࡢ タ ⨨ ఩ ⨨ ࢆ Ỵ ࡵ ࡿ ࡓ ࡵ ࡟ ⟶ ෆ ࢞ ࢫ   ᗘ ࢆ   ᐃ ࡋ ࡓ 㸬   ᐃ ⤖

ᯝ ࢆ F i g . 3 . 9 ࡟ ♧ ࡋ ࡓ 㸬 ࣂ ࣮ ࢼ ⇞ ↝ 㔞 ࡀ ኱ ࡁ ࠸ ࡯ ࡝ ⟶ ෆ   ᗘ ࡣ 㧗 ࠸ ࡀ 㸪

  ᗘ ศ ᕸ ࡢ ഴ ྥ ࡣ ࡯ ࡰ ྠ ࡌ ࡛ ࠶ ࡿ 㸬 ⟶ ᗏ 㒊 ࡣ ࣎ ࢺ ࣒ ࢻ ࣟ ࢫ ࠿ ࡽ ⅔ ᗏ ࡬

ࡢ ᨺ ⇕ ࡢ ᙳ 㡪 ࡞ ࡝ ࡛   ᗘ ࡀ ప ࠸ 㸬 ⟶ ᗏ ࠿ ࡽ ⣙ 3 0 0 m m ࡣ ෆ ⟶ ࠿ ࡽ ࣂ ࣮ ࢼ

ࡢ ⅆ ⅖ ࡀ ᄇ ࡁ ฟ ࡍ ఩ ⨨ ࡛ ࠶ ࡾ 㸪 ᭱ ࡶ   ᗘ ࡀ 㧗 ࠸ 㸬 ࡇ ࡢ ୖ 㒊 ⣙ 1 0 0 0 m m

ࡲ ࡛ ࡢ 㒊 ศ ࡣ ⁐ ‮ ࡬ ࡢ ఏ ⇕ ࡟ ࡼ ࡾ ₞ ḟ   ᗘ ࡣ 㝆 ୗ ࡍ ࡿ ࡀ 㸪 ⣙ 1 2 0 0 m m

ࡢ ఩ ⨨ ࡛ ෌ ᗘ ୖ ᪼ ࡍ ࡿ 㸬ࡇ ࡢ ఩ ⨨ ࡀ ‮ 㠃 ࡛ ࠶ ࡿ 㸬⣙ 1 3 0 0 m m ௨ ୖ ࡢ ఩ ⨨

ࡣ 㸪 ᾐ ₕ ⟶ ࡀ ྲྀ ࡾ ௜ ࡅ ࡽ ࢀ ࡚ ࠸ ࡿ ࣂ ࣮ ࢼ ࣮ ࣊ ࢵ ࢻ ࡸ ⅔ ኳ ஭ ⪏ ⅆ ≀ ࡬ ࡢ

ᨺ ⇕ ࡟ ࡼ ࡾ   ᗘ ప ୗ ࡍ ࡿ 㸬  
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Temperature in the tube.( K )

 

B u r n i n g  r a t e :      6 0 k W ,       7 0 k W  

   F i g . 3 . 9  D i s t r i b u t i o n  o f  t e m p e r a t u r e  i n  t h e  S S i C  i m m e r s i o n  t u b e .  

B o t t o m  o f  t u b e  

S u r f a c e  o f  m o l t e n  z i n c  



 

103 

 

3 . 3 . 3 . ( 3 )  ᩿ ⇕ ⟄ ࡀ ࡞ ࠸ ሙ ྜ ࡢ ‮ 㠃 ㏆ ഐ ࡛ ࡢ ᛂ ຊ  

ᐃᖖ㐠㌿ࡿࡅ࠾࡟⁐⼥ள㖄ᛂࡿࡍ⏕Ⓨࡧࡼ࠾ᗘ ⟶ₕᾐࡢ࡛ഐ㏆㠃‮ࡢ

ຊࢆ㸪࣒ࢸࢫࢩࢺࢵࢿࣂ࢖ࢧओỗ⏝᭷㝈せ⣲ἲࢻ࣮ࢥ ANS YS V e r .5 .5 ࣟࣉ

ȭࡣᑍἲࡢ⟶㸬ᾐₕࡓࡋ⟭ィ࡛࣒ࣛࢢ 1 70 ×ȭ 15 6×200 0 mm ࡛㸪ಖᣢ᪉ἲࡣ

Fi g .3 .2 ࣛࣇ㸬ࡿ࠶࡛⨨タࡢᆶ┤᪉ྥࡓࡋᣊ᮰ࢆࢪࣥࣛࣇ㸪࡟࠺ࡼࡓࡋ♧࡟

ୗഃࡢࢪࣥ 2 50m m 㸪ࡋฟ㟢࡟ୖ㠃‮ࡀ 1 75 0mm ែ≦ࡓࢀࡉₕᾐ࡟୰‮⁐ࡀ

ࢆᶵᲔⓗᛶ㉁ࡢ⟶ᾐₕࡓ࠸⏝࡟㸬ゎᯒࡿ࠶࡛ Ta b l e3 .1 㸪ఏ⇕ቃ⏺᮲ࡋ♧࡟

ࡢୗグࢆ௳ ( 1 )㹼 (3 ⋠㸬⇕ఏ㐩ࡓࡋ࡜( h ᑠᕝ࡟࡜ࡶࢆ㦂್⤒ࡢ⪅➹ࡣ  ( 1 0 )㸪

Kin ge r y
( 1 1 㸬ࡓࡋỴᐃ࡟⪄ཧࢆ್ࡓࡋ♧ࡢ(  

 

( 1 )ᾐ ₕ ⟶ ࡜ ⁐ ‮ 㛫  

‮    :  7 3 0 K     h  =  2 9 0 0 W / ( m
2࣭ K )  

( 2 )ᾐ ₕ ⟶ ࡜ ᾐ ₕ ⟶ ෆ 㠃 㛫  

ᾐ ₕ ⟶ ࡢ ᨺ ᑕ ⋡ İ  =  0 . 9  

⟶ ෆ ࢞ ࢫ   ᗘ 1 1 5 3 , 1 2 7 3 , 1 5 7 3 K ࡢ 3 Ỉ ‽ ࡛ ఏ ⇕  

( 3 )ᾐ ₕ ⟶ ࡜ ⅔ ෆ 㞺 ᅖ Ẽ 㛫  

‮ 㠃 ୖ ࡢ   ᗘ 7 7 0 K ⅔ ෆ 㞺 ᅖ Ẽ ࡟ ᨺ ᑕ ఏ ⇕  

 

T a b l e 3 . 3 ࡟ Ⓨ ⏕ ᛂ ຊ 㸪 ࠾ ࡼ ࡧ F i g . 3 . 1 0 ࡟ ⟶ ෆ ࢞ ࢫ   ᗘ ࡀ 1 1 5 3 K ࡛ ࡢ

ᾐ ₕ ⟶ ࡢ ᛂ ຊ ศ ᕸ ィ ⟬ ⤖ ᯝ ࢆ ♧ ࡋ ࡓ 㸬 ⟶ ෆ ࢞ ࢫ   ᗘ ࡀ 1 1 5 3 K ࡛ ࡣ ᾐ ₕ

⟶ ࡢ ‮ 㠃 ୖ 㒊 ࡢ   ᗘ ࡣ 1 0 1 0 K ࡛ ࠶ ࡾ 㸪 7 3 0 K ࡢ ⁐ ‮ ࡜ ࡣ 2 8 0 K ࡢ   ᗘ ᕪ

ࡀ ࠶ ࡿ 㸬 ࡇ ࡢ ᫬ ᾐ ₕ ⟶ ࡢ ‮ 㠃 ㏆ ഐ ࡟ Ⓨ ⏕ ࡋ ࡓ ᭱ ኱ ᛂ ຊ ࡣ 㸪 ‮ 㠃 ࡢ ୖ ഃ

እ ⾲ 㠃 ࡛ 5 1 . 5 M P a ࡛ ࠶ ࡿ 㸬 ⟶ ෆ ࢞ ࢫ   ᗘ 1 2 7 3 K ࡣ ࣂ ࣮ ࢼ ⇞ ↝ ᫬ ࡟ 㐩 ࡍ

ࡿ   ᗘ ࡛ ࠶ ࡾ 㸪 ࢳ ࣗ ࣮ ࣈ ࡟ Ⓨ ⏕ ࡋ ࡓ ᛂ ຊ ࡣ 6 2 . 2 M P a ࡛ ࠶ ࡿ 㸬 ⟶ ෆ ࢞ ࢫ

  ᗘ 1 5 7 3 K ࡢ ሙ ྜ ࡣ ㏻ ᖖ ᧯ ᴗ ࡢ ⁐ ⼥ ள 㖄 ᾎ ࡛ ࡣ ࡯ ࡜ ࢇ ࡝ 㐩 ࡋ ࡞ ࠸   ᗘ

࡛ ࠶ ࡿ ࡀ 㸪 Ⓨ ⏕ ࡍ ࡿ ᛂ ຊ ࡣ 1 2 0 . 0 M P a ࡛ ࠶ ࡿ 㸬   
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T a b l e 3 . 3  R e l a t i o n  b e t w e e n  t e m p e r a t u r e  a n d  s t r e s s  o f   

S S i C  i m m e r s i o n  t u b e .   

   

 

 

 

F i g .3 .10  C a l cu l a t ed  s t r e s s  o f  SS iC  i m me rs io n  t ub e  a t  11 53K .  

 

 

 

 

Temperature of gas Temperature of wall Stress

K K MPa

1153 1010 51.5

1273 1100 62.2

1573 1335 120.0

M o l t e n  z i n c  

M a x  s t r e s s  

( P a )  
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3 . 3 . 3 . ( 4 )  ᩿ ⇕ ⟄ ࡢ タ ⨨  

᩿ ⇕ ⟄ ࡢ タ ⨨ ┠ ⓗ ࡣ 㸪 ⇞ ↝ ࢞ ࢫ ࡢ ὶ ࢀ ࢆ ጉ ࡆ ࡞ ࠸ ࡼ ࠺ ࡟ 㸪 ᾐ ₕ ⟶ ࡢ

ෆ ቨ 㠃 ࢆ ⇞ ↝ ࢞ ࢫ ࡢ ᨺ ᑕ ⇕ ࠿ ࡽ ᩿ ⇕ ࡍ ࡿ ࡇ ࡜ ࡛ ࠶ ࡿ 㸬  F i g . 3 . 1 1 ࡟ ⁐ ⼥

ள 㖄 ࡵ ࡗ ࡁ ⅔ ࡛ ࡢ ᑍ ἲ ȭ 2 0 0 m m ×ȭ 1 8 0ェ 2 0 0 0 m m  S S i C ኱ ᆺ ᾐ ₕ ⟶ ࡟ ᩿

⇕ ⟄ ࢆ タ ⨨ ࡋ ࡓ ᶍ ᘧ ᅗ ࢆ ♧ ࡋ ࡓ 㸬 ⅆ ⅖ ࡣ ࣂ ࣮ ࢼ ࠿ ࡽ ୗ ᪉ ࡟ ⇞ ↝ ࡉ ࡏ 㸪

ෆ ⟶ ࠿ ࡽ ྿ ࡁ ฟ ࡋ ࡓ ⇞ ↝ ࢞ ࢫ ࡣ ᾐ ₕ ⟶ ࡜ ෆ ⟶ ࡜ ࡢ 㛫 㝽 ࢆ ㏻ 㐣 ࡍ ࡿ 㛫 ࡟

⁐ ⼥ ள 㖄 ࢆ ຍ ⇕ ࡋ 㸪 ▮ ༳ ࡢ ࡼ ࠺ ࡟ ࣂ ࣮ ࢼ ࣮ ࣊ ࢵ ࢻ ࠿ ࡽ ᤼ Ẽ ࡉ ࢀ ࡿ 㸬 ‮

㠃 ࡼ ࡾ ୖ ࡢ ⟶ ቨ 㒊 ศ ࡣ 㸪 ⅔ ෆ 㟼 Ṇ 㞺 ᅖ Ẽ ࡬ ࡢ ఏ ⇕ ࡛ ࠶ ࡿ ࡓ ࡵ ⁐ ‮ ୰ ࡢ

⟶ ቨ 㒊 ศ ࡟ ẚ ࡭ ⇕ ఏ 㐩 ⋡ ࡀ ᑠ ࡉ ࡃ 㧗   ࡟ ࡞ ࡾ ࡸ ࡍ ࠸ 㸬 ᮏ ◊ ✲ ࡛ ࡢ ᩿ ⇕

⟄ ࡣ 㸪ཌ ࡉ ⣙ 3 m m ࡢ ࢔ ࣝ ࣑ ࢼ ࢩ- ࣜ ࢝ ⣔ ⧄ ⥔ ࢆ ⦅ ࢇ ࡔ ᕸ ࢆ ⟄ ≧ ࡟ ⦭ ྜ ࡋ

ࡓ ࡶ ࡢ ࢆ ⏝ ࠸ 㸪 ⟄ ࡢ ୗ 㒊 ࡟ ࡣ ࢖ ࣥ ࢥ ࢿ ࣝ ⪏ ⇕ ྜ 㔠 ࣜ ࣥ ࢢ ࢆ ⦅ ࡳ ㎸ ࢇ ࡛

⿵ ᙉ ࡍ ࡿ ࡇ ࡜ ࡛ ⅆ ⅖ ࡟ ࡼ ࡿ ◚ ᦆ ࢆ ᢚ ไ ࡍ ࡿ 㸬 ᅛ ᐃ ᪉ ἲ ࡣ 㸪 ᩿ ⇕ ⟄ ࡢ ୖ

㒊 ࢆ ᾐ ₕ ⟶ ࡢ ࣇ ࣛ ࣥ ࢪ ࡜ ࣂ ࣮ ࢼ ࣮ ࣊ ࢵ ࢻ ࡟ ᣳ ࡳ ㎸ ࢇ ࡛ ᅛ ᐃ ࡋ 㸪 ྞ ࡾ ୗ

ࡆ ࡿ 㸬  
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Ex h a u s t  

 

 

 

  F i g . 3 . 1 1  S c h e m a t i c  d i a g r a m  o f  S S i C  i m m e r s i o n  t u b e  

  an d  i nsu l a t i on  s l e ev e .  

    

 

 

 

 

    Burner head

       Inner tube

   SSiC immersion

               tube

       Insulation 

            sleeve

       Metal ring

2300mm

  ȭ225mm

       Molten zinc

    Burned gas
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3 . 3 . 3 . ( 5 )  ᩿ ⇕ ⟄ ࡀ ࠶ ࡿ ሙ ྜ ࡢ ‮ 㠃 ㏆ ഐ ࡛ ࡢ ᛂ ຊ  

⏝࡟⟭ィ㸬ࡓࡋ⟭ィࢆ࿴⦅ࡢຊᛂ⏕Ⓨࡢ࡛ഐ㏆㠃‮ࡿࡼ࡟⨨タࡢ⟃⇕᩿

ࡣ௳ᑍἲ㸪ゎᯒ᮲ࡢ⟶ᾐₕࡓ࠸ 3 . 3 .3 . (3 )㡯ࡿ࠶࡛ࡌྠ࡜㸬Fi g . 3 .1 2 ( a ゎᯒ࡟(

ࡉཌ࡟ෆഃࡢ⟶ᾐₕࡣࣝࢹ㸬ࣔࡓࡋ♧ࢆࣝࢹࣔ 3 mm 㸪ᾐₕࡾ࠶ࡀ⟃⇕᩿ࡢ

࡟㛫ࡢ࡜ቨࡢ⟶ 2 mm ࢀࡒࢀࡑ㸪ࡣ㸬⤖ᯝࡓࡋ࡜ࡿ࠶ࡀ㛫✵ࡢ Fi g . 3 .1 2 ( b ) ࡟ 

 ᗘศᕸᅗ㸪 ( c ෆ ᗘ⟶࡟( 115 3 K 㸬ࡓࡋ♧ࢆᛂຊศᕸࡢ࡛  

F i g .3 .12 (b ࡣᗘ 㧗᭱ࡢ㒊ୖ㠃‮ࡢ⟶ᾐₕࡣ࡛( 9 12 K ࡞ࡀ⟃⇕㸪᩿ࡾ࠶࡛

⣙࡭ẚ࡟ሙྜ࠸ 1 00 K పୗࡋ㸪᩿⇕ຠᯝࡀㄆࡿࢀࡽࡵ㸬⁐ࡣᕪᗘ ࡢ࡜‮

⣙ 1 80 K ࡣᗘᕪ ࡢࡇ㸬ࡿ࠶࡛ 3 . 3 . 1 . ( 2 )㡯ࡢ⪏⇕⾪ᧁヨ㦂ࡢ ᗘᕪ࡟ẚ࡚࡭

ప࠸㸬Ⓨ⏕ᛂຊࢆ Fi g . 3 .12 ( c ࡀࡓࡋ♧࡟( 22 .5MP a ሙ࠸↓ࡢ⟃⇕㸪᩿ࡾ࠶࡛

኱ᛂຊ್᭱ࡢྜ 5 1 .5MP a 㸬SSiCࡓࢀࡉపῶ࡟ศ௨ୗ༙ࡢ ᮦᩱࡢᘬᙇࡾᙉࡉ

ࡣ⋠Ᏻ඲ࡿࡍᑐ࡟ 1 2 㸬ࡿ࠶࡛  

 

 

( a )   C a l cu la t ion  m od e l .  

 

I n s u l a t i o n  s l e e v e  

I m m e r s i o n  t u b e  
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(b )  C a l cu l a t ed  t em pe r a tu r e  o f  SS iC  i mme rs i on  tub e  wi t h  i n s u l a t io n  s l e ev e .  

 

 

 

( c )   C a l cu la t e d  s t r es s  o f  SS iC  imm e rs ion  t ub e  wi t h  i n su l a t io n  s l e e ve .  

F i g .3 .12  T he  e f f ec t  o f  i n su l a t i on  s l ee v e  a t  11 53 K  o f  ga s  t emp e r a tu re .  

9 1 2 K  

M a x  s t r e s s  

2 2 . 5 M P a  

M o l t e n  z i n c  

G a s  i n   

f u r n a c e  

(Υ )  

( P a )  
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3 .3 .3 . (6 )  ᩿⇕⟄ᮦࡢ⇕ఏᑟ⋡ࡢᙳ㡪  

᩿⇕⟄ᮦࡢ⇕ఏᑟ⋡ ț ᭷㝈せ⣲ࢆᙳ㡪ࡿ࠼୚࡟ᛂຊࡿࡍ⏕Ⓨ࡟⟶ᾐₕࡢ

ἲ A NSYS V er .5 .5 ࡽ㸬すᕝࡓࡋ⟭ィ࡛࣒ࣛࢢࣟࣉ ( 1 2 ࡟ࡿࡍ⇕᩿ࢆ⇕ᨺᑕࡣ(

࡚ࡋ࡜〇ရࢆ⟃⇕㸪᩿ࡀࡿ࠸࡚ࡋ♧࡜࠸ࡼࡤࢀ࠶ࡀ≀㐽ⶸ࡞࠺ࡼࡢ⭷ⷧࡣ

㸬ゎᯒࡓࡋィ⟬࡛☜ㄆࢆ㐽ⶸຠᯝࡽ࠿Ⅼࡢ㸪ᮦᩱ㑅ᐃࡾࡓᙜ࡟ࡿ࡚❧ࡳ⤌

᮲௳ࡣ㸪ຍ⇕ᗘ ࢫ࢞ෆ⟶ₕᾐ㸪ࡋᐃ᝿ࢆྜሙࡓࡋ᪼ୖࡀᗘ ‮⁐ࡾࡼ࡟

ࢆ 1 250 K㸪⁐ࢆᗘ ‮ 76 5 K ࡚ࡋ࡜ 㸪᩿ ⇕⟄ᮦࡢ⇕ఏᑟ⋡ࢆᶍᘧⓗ࡟ 1㸪1 0㸪

100  W / (m࣭ K)࡜ኚ໬ࡓࡏࡉ㸬  

Ta b l e3 .4 ⟶ᾐₕ࡝࡯࠸ࡉᑠࡀ⋠ఏᑟ⇕ࡢ㸬᩿⇕⟄ᮦࡓࡋ♧ࢆィ⟬⤖ᯝ࡟

ቨࡢ ᗘࡣపࡃ㸪Ⓨ⏕ᛂຊࡣᑠࡿ࡞ࡃࡉഴྥ࡛ࡀࡿ࠶㸪⇕ఏᑟ⋡ࡢ㐪࡟࠸

ࡣᗘᕪ ࡿࡼ 34 K㸪ᛂຊ್࠸ࡐ࠸ࡏࡣ 2MP a ⛬ᗘࡢ㐪ࡾ࠶࡛࠸ᙳ㡪ࡣᑠࡉ

㸬ࡿࢀࡉุ᩿࡜࠸  

 

Ta b l e3 . 4  Ef f ec t  o f  t he rm al  c ond uc t iv i t y  o f  i n su l a t ion  s l e eve .  

 

 

F i g . 3 . 1 3 ࡟ ᪂ タ ࡢ ள 㖄 ⁐ ⼥ ᾎ ᵴ ෆ ࡟ タ ⨨ ࡉ ࢀ ࡓ ᩿ ⇕ ⟄ ࢆ ⿦ ╔ ࡋ ࡓ

S S i C ኱ ᆺ ᾐ ₕ ⟶ ⩌ ࢆ ♧ ࡋ ࡓ 㸬 ᾐ ₕ ⟶ ࡢ ᑍ ἲ ࡣ ȭ 2 2 0ェȭ 2 0 0ェ 2 3 0 0 m m

࡛ 㸪 ࡑ ࢀ ࡒ ࢀ ⣙ 1 0 0 k W ࡢ ࣂ ࣮ ࢼ ࡀ ⿦ ╔ ࡉ ࢀ ࡚ ࠸ ࡿ 㸬 స ᴗ ဨ ࡢ ࠸ ࡿ ሙ

ᡤ ࡣ 㸪 ✌ ാ ᫬ ࡟ ࡣ ⁐ ⼥ ள 㖄 ࡛ ‶ ࡓ ࡉ ࢀ 㸪 ⿕ ฎ ⌮ ≀ ࡀ ࡵ ࡗ ࡁ ࡉ ࢀ ࡿ 㸬

F i g . 3 . 1 4 ࡟ ᩿ ⇕ ⟄ ࢆ タ ⨨ ࡋ ࣜ ࢪ ࢙ ࢿ ࣞ ࢖ ࢸ ࢕ ࣈ ࣂ ࣮ ࢼ ࢆ* ⿦ ╔ ࡉ ࢀ ࡓ

S S i C ᾐ ₕ ⟶ ࡀ 㸪 ⮬ ື ㌴ ⏝ ⥺ ᮦ ࡢ ள 㖄 ࡵ ࡗ ࡁ ⅔ ࡟ ᾐ ₕ ࡉ ࢀ ࡿ స ᴗ ≧ἣ

ࢆ ♧ ࡋ ࡓ 㸬ᾐ ₕ ⟶ ࡢ ᑍ ἲ ࡣ ȭ 3 1 0ェȭ 2 8 0ェ 1 0 0 0  m m ࡛ ࠶ ࡾ 㸪⿦ ╔ ࡉ ࢀ

࡚ ࠸ ࡿ ࣂ ࣮ ࢼ ࡢ ᐃ ᱁ ࡣ 5 0 k W ࡛ ࠶ ࡿ 㸬ᾐ ₕ ⟶ ࡀ ⓑ Ⰽ ࢆ ࿊ ࡋ ࡚ ࠸ ࡿ ࡢ ࡣ  

 

ࢼ࣮ࣂࣈ࢕ࢸ࢖ࣞࢿ࢙ࢪࣜ * :  ⵳⇕య୍ࢆࢼ࣮ࣂ࡜య໬ࠊ࡛ࡢࡶࡓࡋ  

2 ᇶࡀᑐࡿ࡞࡟㸬  

ț䚷of insulation sleeve W/(m䞉K) 1 10 100

Gas temperature K 1250 1250 1250

Tube wall temperature K 906 931 940

Stress MPa 22.4 23.9 24.1
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3 . 3 . 1 . ( 3 )㡯 ࡟ ♧ ࡋ ࡓ ሬ ᩱ ࢆ ሬ ᕸ ࡋ ࡓ ࡇ ࡜ ࡟ ࡼ ࡿ 㸬  

 

 

 

F i g .3 .13  V ie w o f  S S iC  imm e rs io n  t ub e s  i n  m el t i n g  ba t h  o f  z in c .  

 

 

 

 

 

 

 

 

 

 

 

 

S S i C  i m m e r s i o n  t u b e  
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F i g .3 .14  S S iC  imm er s io n  t ub e  wi th  r e - gen e ra t e d  b u rn er  

        on  th e  fu r na c e  o f  ho t  d i p  ga l va n iz e d  co a t i n gs .  

 

 

3 .3 .4 㛗ᮇ㛫౑⏝ࡿࡼ࡟ᮦ㉁ຎ໬᳨ࡢウ  

3 . 3 .4 . (1 )  ヨᩱ࡜ ᐃ᪉ἲ   

㸪3ࡣ⟶ᾐₕࡓࡋ╔⿦ࢆࢼ࣮ࣂࣈ࢕ࢸ࢖ࣞࢿ࢙ࢪࣜ 0 ⛊ẖ࡟ⅆ⅖ࡢ⇞↝᪉

⧊⤌ࡸ⏕Ⓨࡢ㸪ᚤ⣽ட⿣ࡅཷࢆᧁ⾪⇕ࡋ㏉ࡾ⧞ࡾࡼ࡟࡜ࡇࡿࢃ᭰ࡾษࡀྥ

ຎ໬ࡌ⏕ࢆ㸪⇕ఏᑟ⋡ࡢపୗࡀ࡝࡞ᠱᛕࡵࡓࡓࢀࡉヨ㦂ࡓࡋ㸬ヨᩱࢆ᥇ྲྀ

ࡓࡋ SSiC ᾐₕ⟶ࡣ㸪ᑍἲࡀȭ 310ェȭ 280ェ10 00  m m 㸪ᐃ᱁ࡾ࠶࡛ 5 0kW ࡢ

ẖ᫬ࡀຊ⬟ࡁࡗࡵ㸪ள㖄ࡋ╔⿦ࢆࢼ࣮ࣂࣈ࢕ࢸ࢖ࣞࢿ࢙ࢪࣜ 10 00k g ࡛⅔ࡢ

⣙ 4 ᖺ㛫✌ാࡓࡋ㸬ᾐₕ⟶ࢵࣛࣇ࣮ࢨ࣮ࣞ㸪ࡋྲྀ᥇ࢆᩱヨࡽ࠿ഐ㏆㠃‮ࡢ

ࡉ◳ࢫ࣮࢝ࢵࣅ㸪࡜ᐃ ࡢ⋠ఏᑟ⇕ࡿࡼ࡟ἲࣗࢩ H V1 0 ᮦ㉁ࡾࡼ࡟ᐃ ࡢ

ຎ໬ࡢ᭷↓ࢆㄪࡓ࡭㸬  

㸪ࡋྲྀ᥇ࢆᩱヨࡽ࠿ศ㒊ࡓ࠸࡚ࡋゐ᥋࡟‮⁐࡚࠸⏝ࢆ⟶ᾐₕࡌྠ EP MA

ほᐹࡾࡼ࡟⁐⼥ள㖄ࡿࡼ࡟ᾐ㣗ࢆㄪࡓ࡭㸬  
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3 . 3 . 4 . ( 2 )  ⇕ ఏ ᑟ ⋡ ࡢ ኚ ໬   

㛗 ᮇ 㛫 ౑ ⏝ ࡟ ࡼ ࡿ S S i C ᾐ ₕ ⟶ ࡢ ఏ ⇕ 㔞 ࡢ ప ୗ ࡀ ᠱ ᛕ ࡉ ࢀ ࡓ ࡇ ࡜ ࠿ ࡽ

⇕ ఏ ᑟ ⋡ ࡢ ⤒ ᫬ ኚ ໬ ࢆ   ᐃ ࡋ ࡓ 㸬 ⤖ ᯝ ࢆ ᮍ ౑ ⏝ ရ ࡜ ẚ ㍑ ࡋ ࡚ F i g . 3 . 1 5

࡟ ♧ ࡋ ࡓ 㸬 ᐇ ⥺ ࡛ ♧ ࡉ ࢀ ࡓ 4 ᖺ 㛫 ౑ ⏝ ࡋ ࡓ ᾐ ₕ ⟶ ࡢ ⇕ ఏ ᑟ ⋡ ࡣ 㸪 ᐊ  

᫬ ࠿ ࡽ ᾐ ₕ ⟶ ࡢ ✌ ാ ᫬ ࡢ   ᗘ ᇦ ࡲ ࡛ ᮍ ౑ ⏝ ရ ࡜ ẚ ㍑ ࡋ ᕪ ࡣ ࡞ ࡃ 㸪 ప ୗ

ࡋ ࡚ ࠸ ࡿ ࡜ ࡣ ㄆ ࡵ ࡽ ࢀ ࡞ ࠸ 㸬ࡼ ࡗ ࡚ 3 0 ⛊ 㛫 㝸 ࡛ ⅆ ⅖ ᪉ ྥ ࡢ ษ ࡾ ᭰ ࢃ ࡿ

ࣜ ࢪ ࢙ ࢿ ࣞ ࢖ ࢸ ࢕ ࣈ ࣂ ࣮ ࢼ ࡢ ⇞ ↝ ࡟ ࡼ ࡿ ᮦ ㉁ ຎ ໬ ࡣ ࡞ ࠸ 㸬  

 

 

 

F i g . 3 . 1 5  R e l a t i o n  b e t w e e n  t h e r m a l  c o n d u c t i v i t y  a n d  t e m p e r a t u r e .  

 

 

 

 

 

 

A f t e r  4  y e a r s  

N e w  t u b e  
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3 .3 .4 . (3 ) ࡉ◳ࢫ࣮࢝ࢵࣅࣟࢡ࢖࣐  H V10   

ᮦࡿࡼ࡟₶ᾐࡢ➼ࢢࣛࢫ⼥⁐ࡣ࠸ࡿ࠶‮⁐㸪ࡸ㓟໬ຎ໬ࡿࡼ࡟ࢫ࢞↝⇞

㉁ຎ໬ࢆㄪ࡟ࡵࡓࡿ࡭㸪ᾐₕ⟶ࣅࣟࢡ࢖࣐ࡢศ㒊ࡓ࠸࡚ࢀࡉₕᾐ࡟‮⁐ࡢ

ࡉ◳ࢫ࣮࢝ࢵ H V1 0 ࡽ࠿እ⾲㠃ࡢ⟶㸪ᾐₕࡣ⨨㸬 ᐃ఩ࡓࡋᐃ ࢆ 0 . 44 mm

࡚ࡗ࠿ྥ࡟ෆഃ㠃ࡽ࠿⨨఩ࡢ 0 .8m m ࡣ࠸ࡿ࠶ 1 . 2m m 㛫㝸࡛ ᐃࡓࡋ 㸬ྛ Ⅼ

ࡣᐃᅇᩘ ࡢ࡛ n =5 㸬ࡿ࠶࡛  

⤖ᯝࢆ Fi g .3 . 16 ⣙ࡣࡉ◳ࢫ࣮࢝ࢵࣅࣟࢡ࢖࣐ࡢ࡚ࡋ࡜㸬඲యࡓࡋ♧࡟

230 0 ࡽ࠿㸪እ⾲㠃ࡾ࠶࡛ 0 .4 4mm ࡢ࡜ෆ㠃ഃࡸ୰ኸ㒊ࡢཌ⫗ࡧࡼ࠾⨨఩ࡢ

ᕪࡣㄆࡽ࠿࡜ࡇ࠸࡞ࢀࡽࡵ㸪㓟໬⤌ࡿࡼ࡟₶ᾐࡢ࡝࡞ࢫࣟࢻࡧࡼ࠾‮⁐ࡸ

⧊ຎ໬࠸࡞ࡣ㸬  
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     F i g . 3 . 1 6  V i c k e r s  h a r d n e s s  H V 1  o f  S S i C  i m m e r s i o n  t u b e  

i n  r e s p e c t  t o  d e p t h  f r o m  t h e  o u t s i d e .  

 

 

 

 

 

n = 5  
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3 . 3 . 4 . ( 4 )  ⪏ 㣗 ᛶ ࡢ ㄪ ᰝ   

⁐ ⼥ ள 㖄 ࡟ ࡼ ࡿ S S i C ᾐ ₕ ⟶ ࡢ ᾐ 㣗 ≧ ែ ࢆ ㄪ ࡭ ࡓ 㸬F i g . 3 . 1 7 ( a ࡣ( E P M A

࡟ ࡼ ࡿ S E M ീ 㸪 ࠾ ࡼ ࡧ F i g . 3 . 1 7 ( b ࡟( ࡅ ࠸ ⣲ S i  㸪  ( c ࡟( ள 㖄 Z n ࡢ ྛ ඖ

⣲ ࡢ 㠃 ศ ᯒ ⤖ ᯝ ࢆ ♧ ࡋ ࡓ 㸬 ᅗ ୰ ࡢ ࢫ ࢣ ࣮ ࣝ ࣂ ࣮ ࡣ 1 0 0 ȝ m ࡛ ࠶ ࡿ 㸬  

F i g . 3 . 1 7 ( a )㸪 ( b ࠾( ࡼ ࡧ  ( c ࠿( ࡽ S S i C ᾐ ₕ ⟶ ࡟ ࡣ ⁐ ⼥ ள 㖄 ࡀ ᾐ ㏱ ࡋ ࡚ ࠾

ࡽ ࡎ ⤌ ⧊ ࡢ ຎ ໬ ࡣ ㄆ ࡵ ࡽ ࢀ ࡞ ࠸ 㸬   

⁐ ‮ ࠿ ࡽ ᘬ ࡁ ᢤ ࠸ ࡓ ᫬ 㸪 ᾐ ₕ ⟶ ࡟ ࡣ ள 㖄 ࡢ ௜ ╔ ࡣ ࡯ ࡜ ࢇ ࡝ ࡞ ࡃ 㸪 ෭

༷ ࡉ ࢀ ࡓ ᾐ ₕ ⟶ ࡟ ௜ ╔ ࡋ ࡚ ࠸ ࡓ ள 㖄 ࡣ ᡭ ࡛ ᐜ ᫆ ࡟ ๤ 㞳 ࡍ ࡿ ࡇ ࡜ ࡀ ࡛ ࡁ 㸪

๤ 㞳 ᚋ ࡢ ᾐ ₕ ⟶ ⾲ 㠃 ࡣ ࡯ ࡰ ᪂ ရ ࡢ ᵝ Ꮚ ࢆ ࿊ ࡋ ࡓ 㸬  
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( a )  S EM  im a ge  

 

 

           ( b )  S i                           ( c )  Z n  

F i g . 3 . 1 7  E P M A  i m a g e  o f  c r o s s  s e c t i o n  o f  S S i C  i m m e r s i o n  t u b e   

  a f t e r  w o r k i n g  4 - y e a r s  o n  t h e  f u r n a c e  o f  h o t  d i p   

g a l v a n i z e d  c o a t i n g s .  

 

 

 

S l a g  a n d  z i n c  

S S i C  

Z n  

S S i C  S S i C  
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3 . 3 . 5  ᩳ ࡵ ᾐ ₕ ᫬ ࡢ ᛂ ຊ  

㛗 ࡉ ⣙ 2 m ࡢ ኱ ᆺ ᾐ ₕ ⟶ ࡢ ᾐ ₕ స ᴗ ࡣ ἞ ල ࢆ ⏝ ࠸ ࡚ ⾜ ࠺ ࡀ 㸪 ⁐ ‮ ࡟

ࡼ ࡿ ᾋ ຊ ࡢ ᙳ 㡪 ࡛ ᩳ ࡵ ࡟ ᾐ ₕ ࡉ ࢀ ࡿ ഴ ྥ ࡀ ࠶ ࡾ 㸪 Ⓨ ⏕ ࡍ ࡿ ᛂ ຊ ࡟ ࡼ ࡿ

Ᏻ ඲ ᛶ ࡀ ᠱ ᛕ ࡉ ࢀ ࡓ 㸬 ࡇ ࡢ ࡓ ࡵ 㸪 ᾐ ₕ ⟶ ࡀ ᩳ ࡵ ࡟ ࡞ ࡗ ࡓ ሙ ྜ ࡢ Ⓨ ⏕ ᛂ

ຊ ࢆ ィ ⟬ ࡋ 㸪ᾐ ₕ ᫬ ཬ ࡧ ✌ ാ ᫬ ࡢ Ᏻ ඲ ᛶ ࢆ ㄪ ࡭ ࡓ 㸬ᾐ ₕ ⟶ ᑍ ἲ ࡣ ȭ 1 6 0

ェȭ 1 4 0ェ 2 0 0 0 m m ࡛ 㸪ィ ⟬ ࡋ ࡓ ゅ ᗘ ࡣ 㖄 ┤ ᪉ ྥ ࠿ ࡽ ࡢ ഴ ࡁ ࡀ 3ま㹼 1 2ま

࡛ ࠶ ࡿ 㸬  

F i g . 3 . 1 8 ࡟ ⤖ ᯝ ࢆ ♧ ࡋ ࡓ 㸬ᾐ ₕ ⟶ ࡣ ࣇ ࣛ ࣥ ࢪ ࡛ ᅛ ᐃ ࡉ ࢀ ࡚ ࠸ ࡿ ࡓ ࡵ 㸪

Ⓨ ⏕ ࡍ ࡿ ᛂ ຊ ࡣ ┤ ⟶ 㒊 ࠿ ࡽ ࣇ ࣛ ࣥ ࢪ ࡢ ❧ ࡕ ୖ ࡀ ࡿ 㒊 ศ ࡟ 㞟 ୰ ࡍ ࡿ ࡀ 㸪

1 2まഴ ᩳ ࡋ ࡓ ሙ ྜ ࡛ 1 0 . 8 M P a ࡛ ࠶ ࡾ 㸪 2 . 7 . 1 㡯 ࡟ ♧ ࡋ ࡓ ᘬ ᙇ ࡾ ᙉ ࡉ ı t =  

2 8 4 M P a ࡟ ẚ ࡭ ࡚ ᑠ ࡉ ࠸ 㸬  

 

 

 

 

F i g .3 .18  S t re s s  on  va r io us  s l an t  a n gl e .  
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3 . 4  ⪃ ᐹ  

J IS
( 1 3 ࡣᧁ ᗘᕪ⾪⇕⪏ࡢ∦ヨ㦂ࡓࡋᣐ‽࡟( 400㹼 4 5 0K ࢀࡇ㸬ࡓࡗ࠶࡛

ࡣᧁ ᗘᕪ⾪⇕⪏ࡢ㒊ศỈ෭ヨ㦂࡛ࡿࡼ࡟ᙧ≧ヨᩱ⟶࡚ࡋᑐ࡟ 200 K ࠶࡛

㐪ࡢఏ⇕㔞ࡢ࡬Ẽయ࡜ᾮయࡢࡽ࠿㸪ヨᩱࡸࡉࡁ኱ࡢヨᩱࡣ࡜ࡇࡢࡇ㸬ࡓࡗ

㸬⟶ᙧ≧ヨᩱࡿࢀࡽ࠼⪄࡜ࡿࡼ࡟࡜ࡇࡓࡋ⏝స࡚ࡋ࡜ᛂຊࡢ㸪࿘᪉ྥࡀ࠸

ࡢ࿘㛗ࡣỈ෭࡛࡞㒊ศⓗࡢ 1 /3 ࡢ㸪௚ࡀࡿࡍ⦰཰ࡀ 2 / 3 ࡋᙇ⭾⇕ࡣࡉ㛗ࡢ

⦅ࡾࡼ࡟ኚᙧࡀᛂຊࡢ࿘᪉ྥࡣᛶᮦᩱ⬤ࡿ࠶෇ᙧ࡛ࡀ㸬᩿㠃ࡿ࠶ែ࡛≦ࡓ

࿴ࡵࡓ࠸࡞ࢀࡉ㸪෭༷ࡓࢀࡉ㒊ศ࡟ᘬࡗᙇࡾᛂຊࡀാ࡚࠸๭ࡿࢀ㸬࿘᪉ྥ

ࡿࢀࡉ⟭ィ࡜࠸ࡁ኱࡚࡭ẚ࡟㍈᪉ྥࡣᛂຊ⇕ࡢ ( 1 4 )㸬  

୍᪉୕ࠊḟඖ≀య୰ࡢ ᗘࡀԥ T ࡍᣊ᮰࡟᏶඲ࢆ㸪⮬⏤⭾ᙇࡋኚ໬ࡅࡔ

ᛂຊ⇕ࡢ㍈ᣊ᮰୍࡛ࡿ ıࡣᘧ (3 -1 㸬ᘧࡿࢀࡉࢃࡽ࠶࡛( ( 3 -1 ࡢ( E㸪Į࡟ Ta b l e 3 .1  

ࢆᯝ⤖ࡓࡋ⟭ィࢆᗘᕪ࡛ᛂຊ ྛ࡚ࢀධࢆ್ࡢ T a b l e3 .5 㸬 ᗘᕪࡓࡋ♧࡟

150 K ࡣᛂຊࡢሙྜ࡛ࡢ SS iC ᮦᩱࡢᘬࡗᙇࡾᙉ࡟ࡉ┦ᙜࡿࡍ 284 MP a ࡞࡟

ࡣᧁ ᗘᕪ⾪⇕⪏ࡢᧁヨ㦂⾪⇕ࡿࡼ࡟㸬⟶ᙧ≧ヨᩱࡿ 2 00 K 㸪ࡀࡓࡗ࠶࡛

⇕⭾ᙇࡢఙࡀࡧ⦆࿴࠸࡞ࢀࡉ෇࿘᪉ྥࡢᛂຊࡣ㸪ᣊ᮰ࡓࢀࡉ≧ែ࡛࡜ࡿ࠶

㸪ᾐࡣ᪉ྥ࡛ࡉ㛗࡚ࡋᑐ࡟ࢀࡇ㸬ࡿࡍᗘᕪ࡛◚ᦆ ࡢᗘ⛬ࡢࡇ㸪ࢀࡽ࠼⪄

ₕ⟶ࡣ∦ᣢࡕᨭᣢࡽ࠿࡜ࡇࡿ࠸࡚ࢀࡉ㸪௚➃ࡣᣊ᮰ࡵࡓ࠸࡞࠸࡚ࢀࡉไ⣙

㸬࠸ࡃ࡟ࡅཷࢆ  

 

ı =E ĮǻT           ( 3 - 1 )  

E  㸸ࣖࣥࢢ⋡  

Į   㸸⇕⭾ᙇ⋡  

ǻT  㸸 ᗘᕪ  

 

 

Ta b l e  3 . 5  R e l a t ion  be t w ee n  d i f f e re nc e  o f  t emp e ra tu re  and  s t re s s  on  SS iC .  

 

 

Difference of temperature ( K ) 100 150 200 250 300 400

Stress ( MPa ) 189 284 378 473 567 756
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㛫࡛⛊ᩘ࡟ୗ㛫ୖࡢ⟶㸪ᾐₕࡣᛴ⇕ヨ㦂࡛ࡢᐇᶵ࡛ࡿࡼ࡟↝⇞ࢼ࣮ࣂ

350 K ࠶Ẽయ࡛ࡣࢀࡇ㸬ࡓࡗ࠿࡞ࡣ⏕ᖖⓎ␗ࡢ⟶㸪ᾐₕࡀࡓࡌ⏕ࢆᗘᕪ ࡢ

ᑡ࡚࡭ẚ࡟ఏ⇕㔞ࡢࡽ࠿ᾮయ࡝࡞ள㖄⼥⁐ࡸỈࡀఏ⇕㔞ࡢࡽ࠿ࢫ࢞↝⇞ࡿ

ࢀࡽ࠼⪄࡜ࡿࡼ࡟࡜ࡇࡓࡗ࠿ࡉᑠࡀᗘኚ໬ ࡿࡍ⏕Ⓨ࡟⟶㸪ᾐₕࡵࡓ࠸࡞

㸬ࡿ  

3 . 3 . 3 . ( 2 )㡯 ࡛ ♧ ࡋ ࡓ ‮ 㠃 ㏆ ഐ ࡛ ࡢ ᾐ ₕ ⟶ ෆ ࡢ ࢞ ࢫ   ᗘ ࡢ ኚ ໬ ࡣ 㸪‮ 㠃

ୖ ࡢ 㟼 Ṇ ࡋ ࡓ ⅔ ෆ 㞺 ᅖ Ẽ ࡬ ࡢ ᨺ ᑕ ఏ ⇕ 㔞 ࡜ ⁐ ‮ ࡬ ࡢ ఏ ⇕ 㔞 ࡀ ␗ ࡞ ࡿ ࡇ

࡜ ࡟ ࡼ ࡾ ⏕ ࡌ ࡿ 㸬   

᩿ ⇕ ⟄ ࡢ ຠ ᯝ ࡜ ࡋ ࡚ 㸪 ‮ 㠃 ࡼ ࡾ ୖ ࡢ ᾐ ₕ ⟶   ᗘ ࡣ ᩿ ⇕ ⟄ ࢆ タ ⨨ ࡍ ࡿ

࡜ 㸪タ ⨨ ࡋ ࡞ ࠸ ሙ ྜ ࡟ ẚ ࡭ 1 0 0 K ప ୗ ࡍ ࡿ 㸬Ⓨ ⏕ ᛂ ຊ ࡣ 2 2 . 5 M P a ࡛ ࠶ ࡿ

ࡀ 㸪2 . 3 . 4 㡯 ࡟ ♧ ࡋ ࡓ S S i C ᮦ ᩱ ࡢ ᘬ ࡗ ᙇ ࡾ ᙉ ࡉ ࡣ 2 8 4 M P a ࡛ ࠶ ࡿ ࡇ ࡜ ࠿

ࡽ 㸪 ࡇ ࡢ ᛂ ຊ ್ ࡛ ᾐ ₕ ⟶ ࡀ ┤ ࡕ ࡟ ◚ ቯ ࡟ ⮳ ࡿ ࡇ ࡜ ࡣ ࡞ ࠸ 㸬 ᩿ ⇕ ⟄ タ ⨨

࡟ ࡼ ࡿ ᛂ ຊ ప ῶ ຠ ᯝ ࡣ ኱ ࡁ ࠸ 㸬  

᩿ ⇕ ⟄ ᮦ ࡢ ⇕ ఏ ᑟ ⋡ ࡣ 㸪1 W / ( m࣭ K ࡜( 1 0 0 W / ( m࣭ K ࡢ( ሙ ྜ ࢆ ẚ ㍑ ࡍ ࡿ

࡜ 㸪ᾐ ₕ ⟶ ࡢ   ᗘ ᕪ ࡬ ࡢ ຠ ᯝ ࡛ 3 4 K㸪Ⓨ ⏕ ᛂ ຊ ࡢ ᕪ ࡣ 2 M P a ࡛ ࠶ ࡾ 㸪኱

ࡁ ࡞ ᙳ 㡪 ࢆ ཬ ࡰ ࡉ ࡞ ࠸ 㸬 ࡋ ࡓ ࡀ ࡗ ࡚ 㸪 ᩿ ⇕ ⟄ ᮦ ࡣ 〇 ရ ⤌ ࡳ ❧ ࡚ స ᴗ ࡀ

ᐜ ᫆ ࡛ 㸪 ⪏ ⅆ ᗘ ࡢ 㧗 ࠸ ᮦ ᩱ ࢆ 㑅 ᐃ ࡍ ࢀ ࡤ ࡼ ࠸ 㸬  

ᩳ ࡵ ࡟ ᾐ ₕ ࡋ ࡓ ሙ ྜ ࡢ Ⓨ ⏕ ᛂ ຊ ࡣ ഴ ᩳ ゅ 1 2ま࡛ 1 0 . 8  M P a ࡛ ࠶ ࡾ 㸪ࡇ

ࡢ ⛬ ᗘ ࡢ ᛂ ຊ ࡣ S S i C ࡢ ᮦ ᩱ ᙉ ᗘ ࡟ ẚ ㍑ ࡋ ࡚ ၥ 㢟 ࡟ ࡞ ࡿ ኱ ࡁ ࡉ ࡛ ࡣ ࡞ ࠸ 㸬 

ࣜ ࢪ ࢙ ࢿ ࣞ ࢖ ࢸ ࢕ ࣈ ࣂ ࣮ ࢼ ࢆ ⿦ ╔ ࡋ 4 ᖺ 㛫 ✌ ാ ࡋ ࡓ ᚋ ࡢ ᾐ ₕ ⟶ ࡢ ⇕

ఏ ᑟ ⋡ ࢆ   ᐃ ࡋ ࡓ ࡀ 㸪ᐇ ⏝   ᗘ ᇦ ࡛ ࡣ ᪂ ရ ࡢ S S i C ᮦ ᩱ ࡜ ẚ ㍑ ࡋ ࡚ ᕪ ࡣ

ㄆ ࡵ ࡽ ࢀ ࡞ ࠸ 㸬 ࣜ ࢪ ࢙ ࢿ ࣞ ࢖ ࢸ ࢕ ࣈ ࣂ ࣮ ࢼ ⇞ ↝ ࡛ ࡢ ⅆ ⅖ ᪉ ྥ ࡢ ษ ࡾ ᭰

࠼ ࡟ ࡼ ࡿ ⇕ ⾪ ᧁ ࡣ 㸪 ⇕ ఏ ᑟ ⋡ ࡟ ᙳ 㡪 ࢆ ୚ ࠼ ࡎ 㸪 ᾐ ₕ ⟶ ࡣ ౑ ⏝ ึ ᮇ ࡜ ྠ

ᵝ ࡢ ఏ ⇕ ᛶ ⬟ ࢆ ⥔ ᣢ ࡋ ࡚ ࠸ ࡓ ࡜ ⪃ ࠼ ࡽ ࢀ ࡿ 㸬  

⁐ ‮ ࡟ ࡼ ࡿ ᾐ 㣗 ࡟ ࡘ ࠸ ࡚ ࡣ 㸪 E P M A ほ ᐹ ࡟ ࡼ ࡿ ࡜ S S i C ᮦ ᩱ ࡢ ள 㖄 ࡟

ࡼ ࡿ ᾐ ㏱ ࡸ ᾐ 㣗 ࡣ ㄆ ࡵ ࡽ ࢀ ࡞ ࠸ 㸬 H a n s e n
( 1 5 ࡟( ࡼ ࡿ ࡜ 㸪 8 7 0 K ࡛ ࡢ S i ࡢ

Z n ࡟ ᑐ ࡍ ࡿ ⁐ ゎ ᗘ ࡣ 0 . 0 6 m a s s %࡛ ࠶ ࡿ ࡜ ♧ ࡉ ࢀ ࡚ ࠸ ࡿ ࡀ 㸪 ᮏ ヨ 㦂 ࡛ ࡢ

ᾐ 㣗 ࡟ ࡼ ࡿ ᙳ 㡪 ࡣ ↓ ど ࡛ ࡁ ࡿ ⛬ ᗘ ࡛ ࠶ ࡗ ࡓ 㸬  
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3 . 5  ⤖ ゝ  

S S i C ᮦ ᩱ ࢆ ຎ ᝏ ࡞ ⎔ ቃ ୗ ࡛ ౑ ⏝ ࡉ ࢀ ࡿ ⁐ ⼥ ள 㖄 ࡵ ࡗ ࡁ ⅔ ࡢ ຍ ⇕ ⏝ ᾐ

ₕ ⟶ ࡜ ࡋ ࡚ 㐺 ⏝ ࢆ ヨ ࡳ ࡓ 㸬 ࡑ ࡢ ⤖ ᯝ ୗ グ ࡢ ࡇ ࡜ ࢆ ᫂ ࡽ ࠿ ࡟ ࡋ ࡓ 㸬  

( 1 )  S S i C ᮦ ᩱ ࢆ 㸪⁐ ⼥ ள 㖄 ࡵ ࡗ ࡁ ⅔ ࡢ ࢞ ࢫ ↏ ࡁ ຍ ⇕ ⏝ ᢞ ࡆ ㎸ ࡳ ᆺ ᾐ ₕ

⟶ ࡜ ࡋ ࡚ 㐺 ⏝ ࢆ ヨ ࡳ 㸪 ࡇ ࢀ ࢆ ᐇ ⏝ ໬ ࡋ ࡓ 㸬  

( 2 )  ᐇ ⏝ ໬ ࡟ ࠾ ࠸ ࡚ ᭱ ࡶ ၥ 㢟 ࡜ ࡞ ࡿ ᛂ ຊ ࡣ 㸪ᾐ ₕ ⟶ ࡢ ‮ 㠃 ࢆ ቃ ⏺ ࡜ ࡋ

ୖ ഃ ࡜ ୗ ഃ 㒊 ศ ࡢ   ᗘ ᕪ ࡟ ࡼ ࡾ Ⓨ ⏕ ࡍ ࡿ ࡀ 㸪 ࡇ ࡢ ᛂ ຊ ࡢ Ⓨ ⏕ ఩ ⨨ ࡜ ኱

ࡁ ࡉ ࢆ     ࡜ ᭷ 㝈 せ ⣲ ἲ ࡛ ᳨ ウ ࡋ 㸪 ᩿ ⇕ ⟄ ࢆ タ ࡅ ࡿ ࡇ ࡜ ࡟ ࡼ ࡾ ⦆ ࿴ ࡍ

ࡿ ࡇ ࡜ ࡀ ࡛ ࡁ ࡓ 㸬  

( 3 )  ᩿ ⇕ ⟄ ࡢ タ ⨨ ࡟ ࡼ ࡾ 㸪ᾐ ₕ ⟶ ࡢ ‮ 㠃 ୖ ഃ 㒊 ศ ࡢ   ᗘ ࡣ ᩿ ⇕ ⟄ ࡀ ↓

࠸ ሙ ྜ ࡟ ẚ ࡭ 1 0 0 K ప ࡃ ࡞ ࡾ 㸪 Ⓨ ⏕ ࡍ ࡿ ᛂ ຊ ࡣ 5 1 . 5 M P a ࠿ ࡽ 2 2 . 5 M P a

࡟ ༙ ῶ ࡍ ࡿ 㸬  

( 4 )  S S i C ኱ ᆺ ᾐ ₕ ⟶ ࡜ ࡋ ࡚ ࡢ ᐇ ᶵ ホ ౯ ࡛ ࡣ 㸪ࣜ ࢪ ࢙ ࢿ ࣞ ࢖ ࢸ ࢕ ࣈ ࣂ ࣮

ࢼ ࢆ ⿦ ╔ ࡋ 4 ᖺ 㛫 ✌ ാ ࡋ ࡓ ᚋ ࡛ ࡶ 㸪 ⤌ ⧊ ෆ ࡬ ࡢ ள 㖄 ࡢ ᾐ ㏱ ࡸ 㸪 ⇕ ఏ ᑟ

⋡ ࡢ ప ୗ ࡀ ㄆ ࡵ ࡽ ࢀ ࡞ ࠸ 㸬  

( 5 )  㛗 ࡉ 2 m ࡢ ᾐ ₕ ⟶ ࢆ ゅ ᗘ 1 2まࡢ ഴ ᩳ ࡛ ᾐ ₕ ࡋ ࡓ ሙ ྜ 㸪Ⓨ ⏕ ࡍ ࡿ ᭱

኱ ᛂ ຊ ࡣ 1 0 . 8 M P a ࡛ ࠶ ࡾ 㸪 ᮦ ᩱ ᙉ ᗘ ࡜ ẚ ㍑ ࡋ ࡚ ᑠ ࡉ ࠸ 㸬  

 

ᮏ ◊ ✲ ࡟ ࡼ ࡿ 㛗 ࡉ 2 3 0 0 m m ࠶ ࡿ ࠸ ࡣ ┤ ᚄ ࡀ ȭ 3 1 0 m m ࡢ ࣜ ࢪ ࢙ ࢿ ࣞ ࢖

ࢸ ࢕ ࣈ ࣂ ࣮ ࢼ ⏝ S S i C ኱ ᆺ ᾐ ₕ ⟶ 㸪 ࠾ ࡼ ࡧ ᑠ ᆺ ᾐ ₕ ⟶ ࡣ ࡇ ࢀ ࡲ ࡛ 2 0 0 0

ᖺ ࠿ ࡽ ⣙ 2 0 0 ᮏ ࡀ ⁐ ⼥ ள 㖄 ࡵ ࡗ ࡁ ᕷ ሙ ࡟ ౪ ⤥ ࡉ ࢀ ✌ ാ ୰ ࡛ ࠶ ࡿ 㸬  
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3 . 6  ➨ 3 ❶ ࡢ ཧ ⪃ ᩥ ⊩  

( 1 )  㕲 㗰 ౽ ぴ ➨ ϫ ᕳ ,᪥ ᮏ 㕲 㗰 ༠ ఍ , p . 4 2 1 ( 1 9 8 2 )୸ ၿ .  

( 2 )  T . O o i ,  “ H o t - d i p  z i n c - a l u m i n u m  a l l o y  c o a t e d  s t e e l  s h e e t ” ,  J o u r n a l  o f  t h e  

s u r f a c e  f i n i s h i n g  s o c i e t y  o f  J a p a n  ,  V o l . 6 2 ,  N o . 1 ,  p p . 8 - 1 3 ( 2 0 1 1 ) .  

( 3 )  J . K u r o b e , M . I g u c h i ,  “ S i z e  e f f e c t  o n  d y n a m i c  b e h a v i o r  o f  d r o s s  i n  m o d e l  

h o t  d i p  p l a t i n g  b a t h ” ,  J o u r n a l  o f  J a p a n  I n s t i t u t e  o f  M e t a l s ,  V o l . 6 8 ,  N o . 9 ,  

p p . 7 9 2 - 7 9 9  ( 2 0 0 4 ) .  

( 4 )  M . S u g i e , Y . T a n a d a , Y . S a k a i , H . N a g a s h i m a ,͆ S u b m e r g e d  n o z z l e s  f o r  

c o n t i n u o u s  c a s t i n g  o f  s t e e l ” ,  T a i k a b u t s u  O v e r s e a s ,  V o l . 1 ,  N o . 2 ,  

p p . 7 8 - 8 5 ( 1 9 8 1 ) .  

( 5 )  S . M a t s u o , K . I t o , T . I n a b a , Y . S a k a i ,͆ A l u m i n a - A l u m i n u m  C o m p o s i t e ” ,  

K I N Z O K U ,  V o l . 5 9 ,  N o . 7 ,  p p . 6 1 - 6 5 ( 1 9 8 9 ) .  

( 6 )  R o n a l d  A .  M c C a u l e y ,  “ C o r r o s i o n  o f  C e r a m i c s ” ,  p . 1 5 7 ( 1 9 9 5 )  M a r c e l  

D e k k e r , I n c . .  

( 7 )  Y . S a k a i ,  K . O t a ,  M . Y a m a z a k i ,  H . S a k u s a b e ,  “ D e v e l o p m e n t  o f  a  

l a r g e - s i z e d  p r e s s u r e l e s s - s i n t e r e d  s i l i c o n  c a r b i d e  r a d i a n t  t u b e ” ,  J o u r n a l  

o f  t h e  S o c i e t y  o f  M a t e r i a l  S c i e n c e ,  J a p a n ,  V o l . 6 1 ,  N o . 1 2 ,  

p p . 9 6 7 - 9 7 2 ( 2 0 1 2 ) .  

(8 )  ୖ㒊㝯⏨ , ᪉࡭ㄪ࠸ࡋࡉࡸࡢ㠃◚ࢫࣛ࢞͆  ( 1 )͇ ,㔠ᒓ ,V o l . 68 ,N o .8 ,  

pp . 733 -7 36  ( 199 8) .  

(9 )  ྜྷ⏣஽ ,  ͆◚᩿㠃ࡢぢ᪉͇ ,  pp . 153 -1 65 ,  ( 20 05 )  ᪥หᕤᴗ᪂⪺♫ .  

( 1 0 )  E . O g a w a , K . S h i m i z u , S . H a m a y o s h i , N . K u m a g a i , Y . O h t s u b o , N . N o d a ,  

Y . T a k a s e , K . K i s h i , K . S h o b u , T . T a b a r u , E . M a e d a , S . K o g a , T . M a t s u d a ,     

“ P r a c t i c a l  e v a l u a t i o n  o f  l a r g e  c e r a m i c  r o l l s  f o r  c o n t i n u o u s  h o t       

d i p p i n g  s t e e l  s h e e t  p r o d u c t i o n  l i n e ” ,  H i t a c h i  m e t a l s  r e p o r t ,  V o l . 2 8 ,   

p p . 5 0 - 5 5  ( 2 0 1 2 ) .  

(11 )  W .D .Ki n ge r y,͆ Fac t o r s  Af f e c t in g  T he rm al  S t r es s  R es i s t a n ce  

o f  C e ram ic  Ma te r i a l s” ,  J ou r na l  o f  Th e  Am er i c an  C e ra mi c  Soc i e t y,  Vo l . 38 ,  

No . 1 ,  pp 3 - 12  (1 95 5 ) .  
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( 1 2 )  す ᕝ ව ᗣ ,⸨ ⏣ ᜤ ఙ ,͆ ఏ ⇕ Ꮫ ” ,  p . 3 2 9 ( 1 9 8 2 )  ⌮ ᕤ Ꮫ ♫ .  

(13 )  J IS -R 164 8 ,͆ Te s t in g  m eth od  f o r  t h e r mal  sh o ck  r es i s t a nc e  o f  f i n e  

Ce ram ic s” (2 00 2) .  

( 1 4 )  J S M E  D a t a  b o o k :  H e a t  t r a n s f e r , 4
t h

 e d i t i o n , p . 3 2 ( 1 9 8 6 ) .  

( 1 5 )  M a x  H a n s e n ,  “ C o n s t i t u t i o n  o f  b i n a r y  a l l o y s ” ,  p . 1 2 0 5 ( 1 9 5 8 )  

M c G r a w - H i l l  b o o k  c o m p a n y .  



122 

 

➨ 4 ❶ ᖖ ᅽ ↝ ⤖ Ⅳ ໬ ࢣ ࢖ ⣲ ᮦ ᩱ ࡢ  

  ↝ ༷ ⅔ ⇕ ஺ ᥮ ჾ ኱ ᆺ ఏ ⇕ ⟶ ࡬ ࡢ ᛂ ⏝  

 

 

グྕ࣭༢఩  

 

ȡ : ᐦᗘ                              [  kg/m
3  

] 

Cp  :  ᐃᅽẚ⇕                                               [ J/(kg࣭K )] 

Ȁ  :  ⇕ఏᑟ⋡                                               [ W/(m࣭K)] 

İ  :  ᨺᑕ⋡ 

Ȗ  :  ཯ᑕ⋡   

 

ᘧ(4-1)  

r c   :  ά ᛶ Ẽ Ἳ ᰾ ࡢ ኱ ࡁ ࡉ                           [ ȝ m ]  

ț l  :  ᾮ య ࡢ ⇕ ఏ ᑟ ⋡                     [ W / ( m࣭ K ) ]  

ԥ T s a t  :  㐣 ⇕ ᗘ                              [ K ]  

 q  :  ⇕ ὶ ᮰                            [ W / m
2

]  

  ı  :   ⾲ 㠃 ᙇ ຊ                            [ N / m ]  

T s a t  :   㣬 ࿴   ᗘ                              [ K ]  

 ȡ v  :  㣬 ࿴ ⵨ Ẽ ࡢ ᐦ ᗘ                         [ k g / m
3

]  

 L l v  :   ⵨ Ⓨ ₯ ⇕                            [ J / k g ]  

 

ᘧ ( 4 - 2 )  

   t   :   ᚲ せ ⫗ ཌ                                   [ m m ]  

P   :   ᭱ 㧗 ඘ ሸ ᅽ ຊ                            [ k g / c m
2

]  

   D   :   ⬗ 㒊 ࡢ ෆ ᚄ                                [ m m ]  

   S   :   ᮦ ᩱ ࡢ チ ᐜ ᙉ ᗘ                         [ k g / m m
2

]  

   Ș   :   ⁐ ᥋ ຠ ⋡       0 . 6㹼 1 . 0  

   C   :   ⭉ ࢀ ࡋ ࢁ                                  [ m m ]  
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4 . 1  ⥴ゝ  

㧗   タ ഛ ࡛ ࡢ ᤼ ⇕ ᅇ ཰ ࡛ ࡣ 㸪㔠 ᒓ 〇 ⇕ ஺ ᥮ ჾ ࡣ ⪏ ⇕ ᛶ ࡀ ༑ ศ ࡛ ࡞ ࠸

ࡓ ࡵ ࢭ ࣛ ࣑ ࢵ ࢡ ࢫ ࢆ ⏝ ࠸ ࡓ ⇕ ஺ ᥮ ჾ ࡢ ◊ ✲ ( 1 ) ( 2 ࡀ( ࡞ ࡉ ࢀ ࡚ ࡁ ࡓ ࡀ 㸪ࢭ

ࣛ ࣑ ࢵ ࢡ ࢫ ᮦ ᩱ ࡣ 㔠 ᒓ ᮦ ᩱ ࡜ ᥋ ⥆ ࡍ ࡿ 㒊 ఩ ࡛ ࡢ ⇕ ⭾ ᙇ ᕪ ࡢ ၥ 㢟 㸪」 㞧

ᙧ ≧ ໬ ࡸ ኱ ᆺ ໬ ࡀ ᅔ 㞴 ࡛ ࠶ ࡿ ࡞ ࡝ ࡢ ၥ 㢟 ࡀ ࠶ ࡿ 㸬ࡇ ࡢ ࡓ ࡵ 㸪≉ ࡟ 㧗  

ᇦ ࠾ ࡼ ࡧ 㓟 㟢 Ⅼ   ᗘ ᇦ ࡛ ࡢ ⭉ 㣗 ࡟ ࡼ ࡿ ᮦ ᩱ ᦆ യ ࡢ ⴭ ࡋ ࠸ ᗫ Რ ≀ ↝ ༷

⅔ ᤼ ࢞ ࢫ ࠿ ࡽ ࡢ ᤼ ⇕ ᅇ ཰ ( 3 ࡣ( 㸪✚ ᴟ ⓗ ࡟ ᐇ ⏝ ໬ ࡢ ヨ ࡳ ࡀ ࡞ ࡉ ࢀ ࡚ ࡁ ࡓ

࡜ ࡣ ゝ ࠸ 㞴 ࠸ 㸬  

㧗   ᇦ ࡛ ౑ ⏝ ࡉ ࢀ ࡚ ࠸ ࡿ ୍ ⯡ ⓗ ࡞ 㔠 ᒓ 〇 ⇕ ஺ ᥮ ჾ ࡛ ࠶ ࡿ ࢩ ࢙ ࣝ ࢚

ࣥ ࢻ ࢳ ࣗ ࣮ ࣈ ᆺ ( 4 ࡢ( ᵓ 㐀 ࡣ 㸪ఏ ⇕ ⟶ ࡢ ୧ ➃ ࡀ ⇕ ஺ ᥮ ჾ ⨁ య ࡟ ᅛ ᐃ ࡉ ࢀ

ࡿ 㸬 ࡇ ࡢ ᵓ 㐀 ࡟ ᖖ ᅽ ↝ ⤖ Ⅳ ໬ ࡅ ࠸ ⣲  (௨㝆S S i C࡜ ゝ ࠺ )ᮦ ᩱ ࢆ ఏ ⇕ ⟶ ࡜

ࡋ ࡚ ⏝ ࠸ ࡓ ሙ ྜ ࡣ 㸪㔠 ᒓ 〇 ࡢ ⇕ ஺ ᥮ ჾ ⨁ య ࡀ ⇕ ࡞ ࡝ ࡛ ኚ ᙧ ࡍ ࡿ ࡜ ఏ ⇕

⟶ ࡟ ᛂ ຊ ࡀ 㞟 ୰ ࡋ 㸪ఏ ⇕ ⟶ ࡢ ◚ ᦆ 㸪࠶ ࡿ ࠸ ࡣ ⇕ ⭾ ᙇ ᕪ ࡟ ㉳ ᅉ ࡍ ࡿ ୙ ල

ྜ ࢆ ⏕ ࡌ ࡸ ࡍ ࡃ ࡞ ࡿ 㸬ࡇ ࢀ ࡟ ᑐ ࡋ ࡚ 㸪୍ ᪉ ➃ ࡔ ࡅ ࢆ ప   㒊 ࡛ ࣇ ࣛ ࣥ ࢪ

࡟ ࡼ ࡾ ᅛ ᐃ ࡍ ࡿ ࢩ ࣥ ࢢ ࣝ ࢚ ࣥ ࢻ ᆺ S S i Cఏ ⇕ ⟶ ࡣ 㸪⨁ య ࡢ ኚ ᙧ ࡸ ⇕ ⭾ ᙇ

ᕪ ࡢ ᙳ 㡪 ࢆ ཷ ࡅ 㞴 ࠸ ( 5 )㸬  

6 0 0 K⛬ ᗘ ௨ ୗ ࡢ ప   ᤼ ࢞ ࢫ ࠿ ࡽ ࡢ ᤼ ⇕ ᅇ ཰ ࡣ 㸪 ᮍ ฼ ⏝ ࢚ ࢿ ࣝ ࢠ ࣮

ࡢ ᭷ ຠ ฼ ⏝ ࡢ 㠃 ࡛ 㨩 ຊ ⓗ ࡛ ࡣ ࠶ ࡿ ࡀ 㸪ࡇ ࢀ ࡲ ࡛ ᵓ 㐀 ≀ ࡢ 㓟 㟢 Ⅼ ⭉ 㣗 ၥ

㢟 ࡸ 㸪᥇ ⟬ ᛶ ࡀ ప ࠸ ࡇ ࡜ ࡞ ࡝ ࠿ ࡽ ⇕ ᅇ ཰ ࡉ ࢀ ࡎ ࡟ ࡑ ࡢ ࡲ ࡲ ᗫ Რ ࡉ ࢀ ࡿ

ሙ ྜ ࡀ ከ ࠿ ࡗ ࡓ 㸬㏆ ᖺ 㸪୍ ⯡ ᗫ Რ ≀ ↝ ༷ ሙ ࡢ ↮ ✺ ࠿ ࡽ ᤼ ฟ ࡉ ࢀ ࡿ ⓑ ↮

ࡣ Ỉ ⵨ Ẽ ࡛ ࠶ ࡿ ࡇ ࡜ ࡀ ఫ Ẹ ࡢ ⌮ ゎ ࢆ ᚓ ࡚ ࡁ ࡓ ࡇ ࡜ ࡶ ࠶ ࡾ 㸪ప   ᇦ ࡛ ࡢ

⇕ ᅇ ཰ ࡶ ᳨ ウ ࡉ ࢀ ࡿ ࡼ ࠺ ࡟ ࡞ ࡗ ࡓ 㸬ࡑ ࡇ ࡛ ᮏ ◊ ✲ ࡛ ࡣ 㸪㔠 ᒓ 〇 ఏ ⇕ ⟶

࡛ ⪏ ⇕ ᛶ ࠾ ࡼ ࡧ ⪏ ⭉ 㣗 ᛶ ࡢ ၥ 㢟 ࡢ ࠶ ࡿ ຎ ᝏ ᮲ ௳ ୗ ࡛ 㸪S S i Cࢩ ࣥ ࢢ ࣝ ࢚

ࣥ ࢻ ᆺ ࣛ ࢪ ࢔ ࣥ ࢺ ࢳ ࣗ ࣮ ࣈ ࢆ ఏ ⇕ ⟶ ࡜ ࡋ ࡚ ⏝ ࠸ ࡓ ⇕ ஺ ᥮ ჾ ࡢ ᐇ ⏝ ໬

ࢆ ヨ ࡳ ࡓ 㸬  

ᐇ ᪋ ࡋ ࡓ ఏ ⇕ ヨ 㦂 ࡣ 㸪㧗   ᇦ ࡛ ࡣ ୍ ⯡ ᗫ Რ ≀ ฎ ⌮ ⏝ ⇕ ศ ゎ ࢞ ࢫ ໬ ⁐

⼥ ⅔ ( 6 ࠿( ࡽ ࡢ ⣙ 1 1 5 0 Kࡢ ᤼ ࢞ ࢫ ࡜ ᐊ   ✵ Ẽ 㛫 ࡢ ఏ ⇕ ヨ 㦂 㸪 ࠾ ࡼ ࡧ ప  

ᇦ ࡛ ࡣ ヨ 㦂 ⓗ ࡟ ⤌ ࡳ ❧ ࡚ ࡽ ࢀ ࡓ Ỉ ⵨ Ẽ ᅇ ㊰ ࡛ ఏ ⇕ ⟶ ෆ ࡟ ὶ ࡋ ࡓ  0 . 2 5

㹼 0 . 4 5 M P aࡢ 㣬 ࿴ Ỉ ⵨ Ẽ ࡟ ࡼ ࡿ Ỉ ࡢ ຍ ⇕ ヨ 㦂 ࡛ ࠶ ࡿ 㸬 ᚓ ࡽ ࢀ ࡓ ࢹ ࣮ ࢱ
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ࡣ ᩘ ್ ィ ⟬ ࡟ ౪ ࡉ ࢀ 㸪S S i C኱ ᆺ ఏ ⇕ ⟶ ࡟ ࡼ ࡿ ⇕ ஺ ᥮ ჾ ࡢ ྍ ⬟ ᛶ ࡢ ᳨ ウ

࡟ ⏝ ࠸ ࡽ ࢀ ࡓ 㸬ᮦ ᩱ ヨ 㦂 ࡟ 㛵 ࡋ ࡚ ࡣ 㸪㓟 㟢 Ⅼ ᇦ ࠾ ࡼ ࡧ ⁐ ⼥ ⅊ ࡟ ࡼ ࡿ ⪏

⭉ 㣗 ᛶ ࢆ ㄪ ࡭ ࡓ 㸬࢞ ࢫ ໬ ⁐ ⼥ ⅔ ࡢ ᐇ ᶵ ヨ 㦂 ࡛ ఏ ⇕ ⟶ ࡟ ⅊ ࡀ ௜ ╔ ࡋ 㸪⇕

஺ ᥮ ຠ ⋡ ࡟ ᝏ ᙳ 㡪 ࢆ ཬ ࡰ ࡋ ࡓ ࡇ ࡜ ࠿ ࡽ 㸪⅊ ࡢ ≉ ᛶ ࢆ ㄪ ᰝ ࡋ 㸪㝖 ཤ ᪉ ἲ

࡜ ࡋ ࡚ ࢧ ࣥ ࢻ ࣈ ࣛ ࢫ ࢺ ฎ ⌮ ࢆ ヨ ࡳ ࡓ 㸬  

ᮏ ◊ ✲ ࡢ ┠ ⓗ ࡣ 㸪 ࢩ ࣥ ࢢ ࣝ ࢚ ࣥ ࢻ ᆺ ȭ 2 0 0 ×ȭ 1 7 9 × 2 3 0 0 m m⛬ ᗘ ࡢ  

S S i C኱ ᆺ ఏ ⇕ ⟶ ࢆ ຎ ᝏ ⎔ ቃ ୗ ࡛ ✌ ാ ࡍ ࡿ ⇕ ஺ ᥮ ჾ ࡟ Ᏻ ඲ ࡟ ౑ ⏝ ࡍ

ࡿ ᪉ ἲ ࢆ 㛤 Ⓨ ࡍ ࡿ ࡇ ࡜ ࡛ ࠶ ࡿ 㸬  
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4.2 ヨ㦂ᮦᩱࡧࡼ࠾ヨ㦂᪉ἲ 

4.2.1 ヨ㦂ᮦᩱ 

ヨ 㦂 ࡟ ౪ ࡋ ࡓ ఏ ⇕ ⟶ ᮦ ᩱ ࡣ ᮏ ◊ ✲ ࡛ 㛤 Ⓨ ࡋ ࡓ S S i C
 (5)࡛ ࠶ ࡿ 㸬Ta b l e  

4 . 1 ࡟ ᩘ ್ ィ ⟬ ࡟ ⏝ ࠸ ࡓ S S i C ఏ ⇕ ⟶ 㸪 㗰 〇 ෆ ⟶ ( S S 4 0 0
( 7 )

)㸪 ⅔ ቨ ᮦ

( F i b e r  w a l l )㸪 ࠾ ࡼ ࡧ ✵ Ẽ ࡜ ௦ ⾲ ⓗ ᤼ ࢞ ࢫ ࡢ ⇕ ⓗ ᛶ ㉁ ࡜ ᨺ ᑕ ⋡ 㸪 ཯ ᑕ

⋡ ࢆ ♧ ࡋ ࡓ 㸬 ᮏ ヨ 㦂 ࡛ ࡣ 㸪 ෆ ⟶ ࡢ ᮦ ㉁ ࡣ ⇕ ᅇ ཰   ᗘ ࡀ ప ࡃ 㸪 㧗   ⭉

㣗 ࡢ ᙳ 㡪 ࢆ ཷ ࡅ ࡞ ࠸ ࡇ ࡜ ࠿ ࡽ 㔠 ᒓ 〇 ࢆ ⏝ ࠸ ࡓ ࡀ 㸪 ᮲ ௳ ࡟ ᛂ ࡌ ࡚ 㔠 ᒓ

࠶ ࡿ ࠸ ࡣ ࢭ ࣛ ࣑ ࢵ ࢡ ࢫ ᮦ ᩱ ࡞ ࡝ ࢆ 㑅 ᢥ ࡍ ࡿ ࡇ ࡜ ࡀ ࡛ ࡁ ࡿ 㸬  

  

 

Ta b l e  4 . 1  T h e r m a l  p r o p e r t i e s ,  e m i s s i v i t y  a n d  r e f l e c t a n c e .  

     

 

 

 

 

 

 

 

 

ȡ Cp ț

kg/m
3 J/(kg䞉K) W/(m䞉K)

SSiC 3100 700 170

Steel(SS400) 7860 473 52

Fiber wall 64 1047 0.23

Air 1.19 1006 0.264

Exhaust gas(1223K) 0.25 1539 0.845

İ Ȗ
Surface of SSiC 0.9 0.1

Surface of SS400 0.5 0.5

Surface of wall 0.5 0.5
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4 . 2 . 2  ヨ 㦂 ᪉ ἲ  

4 . 2 . 2 . ( 1 )  ⇕ ஺ ᥮ ჾ ࡢ ᵓ 㐀  

㧗   ᇦ ࡛ ࡢ ⇕ ஺ ᥮ ヨ 㦂 ࡣ 㸪⣙ 1 1 5 0 K ࡢ ࢞ ࢫ ໬ ⁐ ⼥ ⅔ ᤼ ࢞ ࢫ ࡟ ࡼ ࡾ

ᐊ   2 9 0 K ࡢ ✵ Ẽ ࢆ ຍ ⇕ ࡋ ࡓ 㸬⏝ ࠸ ࡓ ⇕ ஺ ᥮ ჾ ࡢ ᴫ ␎ ᅗ ࢆ F i g . 4 . 1 ࡟

♧ ࡋ ࡓ 㸬S S i C ఏ ⇕ ⟶ ࢆ 㧗   ᤼ ࢞ ࢫ ࡢ ὶ ࢀ ࡿ ↮ 㐨 ࡟ ࣇ ࣛ ࣥ ࢪ ࡟ ࡼ ࡿ ∦

ᣢ ࡕ ᨭ ᣢ ࡛ Ỉ ᖹ ᪉ ྥ ࡟ タ ⨨ ࡋ 㸪 ෆ ⟶ ࠿ ࡽ ᑟ ධ ࡉ ࢀ ࡓ ᐊ   ✵ Ẽ ( C o o l  

a i r ࡣ( ᤼ ࢞ ࢫ ࡜ ⇕ ஺ ᥮ ࡉ ࢀ 㧗   ✵ Ẽ ( H o t  a i r ࡜( ࡋ ࡚ ᅇ ཰ ࡉ ࢀ ࡿ 㸬ᮏ ヨ

㦂 ࡛ ࡣ 㸪 ᅇ ཰ ࡉ ࢀ ࡓ 㧗   ✵ Ẽ ࡣ ࡑ ࡢ ࡲ ࡲ ኱ Ẽ ୰ ࡟ ᗫ Რ ࡋ ࡓ 㸬  

ప   ᇦ ࡛ ࡢ ᤼ ⇕ ᅇ ཰ ࡣ ᮍ ฼ ⏝ ࢚ ࢿ ࣝ ࢠ ࣮ ࡢ ᭷ ຠ ฼ ⏝ ࡢ Ⅼ ࡛ 㔜 せ ࡛

࠶ ࡿ ࡀ 㸪タ ഛ ࡢ ⭉ 㣗 ࡸ ᥇ ⟬ ᛶ ࡢ ၥ 㢟 ࠿ ࡽ ᐇ ᶵ ࡬ ࡢ 㐺 ⏝ ࡣ 㐜 ࢀ ࡚ ࠸ ࡿ 㸬

㧗   ᤼ ࢞ ࢫ ࡟ ࡼ ࡿ ⇕ ஺ ᥮ ヨ 㦂 ࢆ ࡋ ࡓ ࢞ ࢫ ໬ ⁐ ⼥ ⅔ タ ഛ ࡣ ప   ᤼ ࢞ ࢫ

࠿ ࡽ ⇕ ᅇ ཰ ࢆ ࡍ ࡿ ᵓ 㐀 ࡟ ᘓ タ ࡉ ࢀ ࡚ ࡞ ࠿ ࡗ ࡓ ࡓ ࡵ 㸪 ヨ 㦂 ⿦ ⨨ ࡛ 㣬 ࿴

Ỉ ⵨ Ẽ ࡟ ࡼ ࡾ Ỉ ᵴ ࡢ Ỉ ࢆ ຍ ⇕ ࡋ 㸪 S S i C ఏ ⇕ ⟶ ࡢ ఏ ⇕ ≉ ᛶ ࢆ ㄪ ࡭ ࡓ 㸬

F i g . 4 . 2 ࡟ Ỉ ⵨ Ẽ ࡟ ࡼ ࡿ ⇕ ஺ ᥮ ჾ ࢆ ♧ ࡋ ࡓ 㸬ෆ ⟶ ࡣ ࢻ ࣞ ࣥ ᤼ ฟ ࡢ ࡓ ࡵ

F i g . 4 . 1 ࡟ ẚ ࡭ ࡚ 㛗 ࠸ 㸬Ỉ ⵨ Ẽ ࡟ ࡼ ࡿ ヨ 㦂 ⿦ ⨨ ᅗ ࢆ F i g . 4 . 3 ࡟ ♧ ࡋ ࡓ 㸬

ヨ 㦂 ࡣ ఏ ⇕ ⟶ ࢆ Ỉ ᵴ ࡟ ᾐ ₕ ࡉ ࡏ 㸪 ఏ ⇕ ⟶ ෆ ࡟ 㣬 ࿴ Ỉ ⵨ Ẽ ࢆ ᑟ ධ ࡋ Ỉ

ࢆ ຍ ⇕ ࡍ ࡿ 㸬୍ ⯡ ࡟ ప   ᇦ ࡛ ࡢ ఏ ⇕ ࡣ 㸪࢞ ࢫ /࢞ ࢫ ࡟ ࡼ ࡿ ⇕ ஺ ᥮ ࡼ ࡾ

ࡶ 㸪 ⇕ ఏ 㐩 ⋡ ࡢ 㐪 ࠸ ࡞ ࡝ ࠿ ࡽ Ỉ ࡸ Ỉ ⵨ Ẽ ࢆ ౑ ⏝ ࡍ ࡿ ᪉ ࡀ ᭷ ฼ ࡞ Ⅼ ࡀ

ከ ࠸ 㸬   

ヨ 㦂 ࡟ ౪ ࡋ ࡓ S S i C ఏ ⇕ ⟶ ࡢ ᑍ ἲ ࡣ ࡑ ࢀ ࡒ ࢀ 㧗   ᇦ ⏝ ࡛ ࡣ ȭ 9 0  ×  

ȭ 7 6  ×  1 6 0 0  m m㸪ప   ᇦ ⏝ ࡛ ࡣ ȭ 4 2 . 3 ×ȭ 3 2 . 3ェ 8 0 0 m m ࡛ ࠶ ࡿ 㸬ෆ ⟶

ࡢ ᮦ ㉁ ࡣ ᅇ ཰ ࡉ ࢀ ࡿ ⇕ ፹ య ࡢ   ᗘ ࡸ ᛶ ㉁ ࡟ ࡼ ࡾ ౑ ࠸ ศ ࡅ ࡽ ࢀ ࡿ ࡀ 㸪

ᮏ ヨ 㦂 ࡛ ࡣ J I S つ ᱁ S S 4 0 0 〇 ࢆ ⏝ ࠸ ࡓ ࠋ ᑍ ἲ ࡣ ࡑ ࢀ ࡒ ࢀ

ȭ 6 5 ×ȭ 5 3 × 1 7 5 0  m m㸪 ȭ 1 7 . 3  ×  ȭ 1 4 . 9  ×  9 0 0 m m ࡛ ࠶ ࡿ 㸬   

 

 

 

 

 



127 

 

 

 

 

 

 

F i g . 4 . 1  S c h e m a t i c  d i a g r a m  o f  s i n g l e - e n d e d  h e a t  e x c h a n g e r  

o n  h i g h  t e m p e r a t u r e  e x h a u s t  g a s .  

 

 

 

 

F i g . 4 . 2  S c h e m a t i c  d i a g r a m  o f  S S i C  s t e a m  h e a t e r .  

 

E x h a u s t  g a s  

S S i C  h e a t - t r a n s f e r  t u b e   

H o t  a i r  

C o o l  a i r  

Wa l l  o f  f u r n a c e  

I n n e r  t u b e  

ȭ 9 0ェȭ 7 6ェ 1 6 0 0 m m  

1 7 5 0 m m  

S S i C  h e a t  t r a n s f e r  t u b e  I n n e r  t u b e  
S t e a m  

 

D r a i n  
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F i g . 4 . 3  S c h e m a t i c  d i a g r a m  o f  h e a t  e x c h a n g e  t e s t  o n  s t e a m .  

 

 

 

 

 

 

 

 

 

S u p e r  H e a t e r  
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㧗   ࡛ ࡢ ࢩ ࣥ ࢢ ࣝ ࢚ ࣥ ࢻ ᆺ S S i C ⇕ ஺ ᥮ ჾ ࡢ ୍ ౛ ࡜ ࡋ ࡚ 㸪 F i g . 4 . 4  

࡟ ⣙ 1 0 ᖺ 㛫 ✌ ാ ࡋ ࡓ ఏ ⇕ ⟶ ⩌ ࢆ ♧ ࡋ ࡓ 㸬 ⅔ ෆ ࡛ ࡢ ఏ ⇕ ⟶ ᑍ ἲ ࡣ  

ȭ 1 1 6ェȭ 1 0 2ェ 1 4 0 0 m m ࡛ ࠶ ࡿ 㸬✌ ാ ᫬ ࡣ ᅗ ࡢ ṇ 㠃 ዟ ࡢ ෇ ᙧ 㛤 ཱྀ 㒊 ࠿

ࡽ ⣙ 1 5 0 0 K㹼 1 8 0 0 K ࡢ ⇞ ↝ ࢞ ࢫ ࡀ ὶ ࢀ ㎸ ࡳ 㸪 ⅔ ෆ ࡣ ఏ ⇕ ⟶ ෆ ࡟ ㏦ ࡾ

㎸ ࡲ ࢀ ࡓ ᐊ   ✵ Ẽ ࡜ ࡢ ⇕ ஺ ᥮ ࡟ ࡼ ࡾ ᢤ ⇕ 㸪 ෭ ༷ ࡉ ࢀ ࡿ 㸬 ⅔ ቨ ࡣ ࢭ ࣛ

࣑ ࢵ ࢡ ࣇ ࢓ ࢖ ࣂ ࡢ ෆ ᙇ ࡾ ᵓ 㐀 ࡛ ࠶ ࡿ 㸬  

 

 

 

F i g . 4 . 4  Vi e w  o f  S S i C  h e a t  t r a n s f e r  t u b e s  o n  h i g h   

t e m p e r a t u r e  f u r n a c e .  

 

 

 

 

 

 

 

S S i C  h e a t  t r a n s f e r  t u b e  

ȭ 1 1 6ェȭ 1 0 2ェ 1 4 0 0 m m  
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4 . 2 . 2 . ( 2 )  ⪏ ⭉ 㣗 ᛶ ࡢ ㄪ ᰝ   

୍ ⯡ ᗫ Რ ≀ ↝ ༷ ⅔ ࡢ ᤼ ࢞ ࢫ ࡟ ࡣ ⭉ 㣗 ᛶ ᡂ ศ ࡀ ྵ ࡲ ࢀ 㸪 㓟 㟢 Ⅼ ᇦ ࡛

ࡣ 㔠 ᒓ ࡞ ࡝ ࡢ ⅔ 㒊 ᮦ ࢆ ⭉ 㣗 ࡉ ࡏ ࡿ ࡇ ࡜ ࠿ ࡽ 㸪  S S i C ఏ ⇕ ⟶ ࡢ ⪏ ⭉ 㣗

ᛶ ࢆ ㄪ ࡭ ࡓ 㸬ᐇ ᶵ ↝ ༷ ⅔ ࡛ ࡢ ᤼ ࢞ ࢫ ᡂ ศ ࡢ ኚ ື ࡣ ኱ ࡁ ࠸ ࡀ 㸪Ta b l e  4 . 2

࡟ ௦ ⾲ ⓗ ࡞ ᤼ ࢞ ࢫ ⤌ ᡂ ࢆ ♧ ࡋ ࡓ 㸬 㗰 ᮦ ࡣ ሷ 㓟 㟢 Ⅼ ࠾ ࡼ ࡧ ◲ 㓟 㟢 Ⅼ ࡛

⭉ 㣗 ࡉ ࢀ ࡿ ࡇ ࡜ ࡣ ▱ ࡽ ࢀ ࡚ ࠸ ࡿ ࡀ ( 8 )㸪 ࡇ ࡢ ⾲ ࡟ ♧ ࡋ ࡓ ᤼ ࢞ ࢫ ୰ ࡟ ࡣ

2 8 v o l ࡢ% Ỉ ࡜ 㸪 ሷ ໬ Ỉ ⣲ ࡀ 3 0 0 p p m ྵ ࡲ ࢀ ࡿ ࡓ ࡵ ሷ 㓟 㟢 Ⅼ ࡛ ࡣ 㗰 ᮦ

ࡀ ⭉ 㣗 ࡍ ࡿ 㸬 ࡑ ࡢ ௚ ࡟ 㸪 ◲ 㯤 㓟 ໬ ≀ ࡸ ❅ ⣲ 㓟 ໬ ≀ ࡀ ྵ ࡲ ࢀ ࡚ ࠸ ࡿ ࡇ

࡜ ࠿ ࡽ 㸪 㓟 㟢 Ⅼ ᇦ ࡛ ࡣ ᙉ 㓟 ࢆ ⏕ ᡂ ࡋ 㸪 㗰 ᮦ ࡣ ᐜ ᫆ ࡟ ⭉ 㣗 ࡉ ࢀ ࡿ 㸬 ᐙ

ᗞ ࠿ ࡽ ᗫ Რ ࡉ ࢀ ࡿ ୍ ⯡ ᗫ Რ ≀ ࡟ ࡣ 㣗 ሷ ࡀ ྵ ࡲ ࢀ 㸪 ࡇ ࢀ ࡀ 㣕 ⅊ ࡟ ྵ ࡲ

ࢀ 㣕 ᩓ ࡉ ࢀ ࡿ ࡇ ࡜ ࡶ ⭉ 㣗 ࡀ ಁ 㐍 ࡉ ࢀ ࡿ せ ᅉ ࡛ ࠶ ࡿ 㸬  

S S i C ᮦ ᩱ ࡜ ࡢ ⪏ ⭉ 㣗 ᛶ ẚ ㍑ ヨ ᩱ ࡟ ࡣ ኱ ᆺ ఏ ⇕ ⟶ ࢆ 〇 㐀 ࡛ ࡁ ࡿ ࢭ

ࣛ ࣑ ࢵ ࢡ ࢫ ᮦ ࡜ ࡋ ࡚ ❅ ໬ ࡅ ࠸ ⣲ (௨ ᚋ R B S N ࡜ ␎ ࡍ )  㸪 ࢔ ࣝ ࣑ ࢼ (㓟

໬ ࢔ ࣝ ࣑ ࢽ ࢘ ࣒ A l 2 O 3 )㸪࠾ ࡼ ࡧ ▼ ⱥ ࢞ ࣛ ࢫ ࢩ) ࣜ ࢝ S i O 2 ࢆ( 㑅 ᢥ ࡋ ࡓ 㸬

ヨ 㦂 ࡣ 㸪 ⣙ 1 0ェ 1 0ェ 1 0 m m ࡢ ヨ ᩱ ࢆ ྛ 2 ಶ స ࡾ 㸪 ࡑ ࢀ ࡒ ࢀ ሷ 㓟 㸪 ࣇ

ࢵ 㓟 ࡑ ࢀ ࡟ Ỉ 㓟 ໬ ࢼ ࢺ ࣜ ࢘ ࣒ ࡢ 1 0 m a s s %Ỉ ⁐ ᾮ ࡢ ධ ࡗ ࡓ ᐦ 㛢 ᐜ ჾ ࡟

ධ ࢀ 㸪3 7 3 K ࡛ ᡤ ᐃ ᫬ 㛫 ཯ ᛂ ࡉ ࡏ ࡓ 㸬⭉ 㣗 ㏿ ᗘ ࡣ ヨ ᩱ ࡢ ཯ ᛂ ๓ ᚋ ࡢ 㔜

㔞 ኚ ໬ ࢆ   ᐃ ࡋ 㸪 ⾲ 㠃 ✚ ࡛ ᚎ ࡋ ࡚ ⟬ ฟ ࡋ ࡓ 㸬 㔠 ᒓ ᮦ ᩱ ࡣ ⭉ 㣗 ㏿ ᗘ ࡀ

኱ ࡁ ࡃ 㸪 ྠ ୍ ᮲ ௳ ࡛ ࡣ ẚ ㍑ ࡛ ࡁ ࡞ ࠸ ࡓ ࡵ ࡟ ᮏ ヨ 㦂 ࡛ ࡣ ᐇ ᪋ ࡋ ࡞ ࠿ ࡗ

ࡓ 㸬  

 

 

            Ta b l e  4 . 2  C o m p o n e n t  o f  e x h a u s t  g a s .    

 

 

 

 

H2O N2 O2 CO2 HCl SOx NOx Dust

vol% ppm mg/m
3
[normal]

28.0 58.6 3.8 9.7 300 30 120 5.0
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4 . 2 . 2 . ( 3 )  ኱ ᆺ ఏ ⇕ ⟶ ࡬ ࡢ 㐺 ⏝ ᳨ ウ   

ᑠ ᆺ ఏ ⇕ ⟶ ࡟ ࡼ ࡿ ࢞ ࢫ ໬ ⁐ ⼥ ⅔ ࡢ ᐇ ᶵ ヨ 㦂 ࡛ ᚓ ࡽ ࢀ ࡓ ࢹ ࣮ ࢱ ゎ ᯒ

࡟ ࡣ C D - a d a p c o 〇 3 ḟ ඖ ⇕ ὶ య ゎ ᯒ ࢯ ࣇ ࢺ ࢘ ࢙ ࢔ S TA R - C D㸪ࣔ ࢹ ࣝ

స ᡂ ࡣ ࣓ ࢵ ࢩ ࣗ ศ ๭ ࢯ ࣇ ࢺ ࢘ ࢙ ࢔ H y p e r - M e s h ࢆ ⏝ ࠸ ࡓ 㸬 ᚓ ࡽ ࢀ ࡓ

▱ ぢ ࢆ ⏝ ࠸ ࡓ ኱ ᆺ ఏ ⇕ ⟶ ࡬ ࡢ 㐺 ⏝ ᳨ ウ ࡣ ྠ ᵝ ࡢ ᮲ ௳ ࡛ ᐇ ᪋ ࡋ ࡓ 㸬  

4 . 2 . 2 . ( 4 )  ௜ ╔ ⅊ ࡢ ㄪ ᰝ ࡜ 㝖 ཤ   

7 0 0 ᫬ 㛫 ↮ 㐨 ࡟ ᭀ 㟢 ࡋ ࡓ ᚋ ࡢ ఏ ⇕ ⟶ ⾲ 㠃 ࡟ ௜ ╔ ࡋ ࡓ ⅊ ࡣ 㸪 ⌮ Ꮫ

R X 3 0 0 0 ࡟ ࡼ ࡾ ⺯ ග X ⥺ ศ ᯒ 㸪 ⇕ ఏ ᑟ ⋡ ࡣ ி 㒔 㟁 Ꮚ ᕤ ᴗ ᰴ ᘧ ఍ ♫ 〇

㎿ ㏿ ⇕ ఏ ᑟ ⋡   ᐃ ⿦ ⨨ Q T M - 5 0 0 ࢆ  ⏝ ࠸ ࡚   ᐃ ࡋ ࡓ 㸬 ⅊ ࡢ ⁐ ⼥ ᛶ ࡟

㛵 ࡍ ࡿ ㌾ ໬ Ⅼ 㸪⼥ Ⅼ 㸪࠾ ࡼ ࡧ ⁐ ὶ Ⅼ ࡣ 㸪 J I S
( 9 ࡟( ‽ ᣐ ࡋ ࡚ L E C O ♫ 〇

A F - 6 0 0 ⅊ ⁐ ⼥ ᛶ   ᐃ ჾ ࢆ ⏝ ࠸ ࡚   ᐃ ࡋ ࡓ 㸬⤌ ⧊ ほ ᐹ ࡟ ⏝ ࠸ ࡓ ሢ ≧ ࡢ

⅊ ࡣ ᥇ ྲྀ ࡋ ࡓ ≧ ែ ࡛ ᶞ ⬡ ໟ ᇙ ࡋ 㸪 E P M A ほ ᐹ ࡟ ౪ ࡋ ࡓ 㸬 E P M A ࡣ ᓥ

ὠ E P M A - 1 6 1 0 ࡛ ࠶ ࡿ 㸬  

⅊ ࡢ 㝖 ཤ ᑐ ⟇ ヨ 㦂 ࡛ ࡣ 㸪 ண ࡵ R a
( 1 0 )್ 0 . 3 6 ȝ m ࡟ ◊ ☻ ࡉ ࢀ ࡓ S S i C

ヨ ᩱ 5 0ェ 5 0ェ 5 m m ࢆ ྛ ✀ ◊ ᤲ ᮦ ࡟ ࡼ ࡾ ࢧ ࣥ ࢻ ࣈ ࣛ ࢫ ࢺ ฎ ⌮ ࡋ ࡓ 㸬ᦆ

യ ࡢ ホ ౯ ࡜ ࡋ ࡚ ⾲ 㠃 ⢒ ࡉ ࢆ   ᐃ ࡋ ࡓ ᚋ 㸪 㐺 ṇ ࡞ ◊ ᤲ ᮦ ࢆ 㑅 ᐃ ࡋ ᐇ ᶵ

࡟ タ ⨨ ࡉ ࢀ ࡓ S S i C ఏ ⇕ ⟶ ࢆ ࢧ ࣥ ࢻ ࣈ ࣛ ࢫ ࢺ ฎ ⌮ ࡋ ࡓ 㸬 ⾲ 㠃 ⢒ ࡉ  

ᐃ ࡟ ࡣ ࣑ ࢶ ࢺ ࣚ 〇 S u r f t e s t  S J - 3 5 0 㠃 ⢒ ࡉ ィ ࢆ ⏝ ࠸ ࡓ 㸬  
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4 . 3  ⤖ ᯝ  

4 . 3 . 1  ప   ᇦ ࡛ ࡢ Ỉ ⵨ Ẽ ࡟ ࡼ ࡿ ⇕ ஺ ᥮ ヨ 㦂  

ప   ᇦ ࡛ ࡢ ⇕ ஺ ᥮ ヨ 㦂 ࡣ 㸪 ᅽ ຊ 0 . 2 5㸪 0 . 3 0㸪 0 . 4 0㸪 0 . 4 5 M P a ࡢ 㣬

࿴ Ỉ ⵨ Ẽ ࢆ ⏝ ࠸ ࡚ ᐇ ᪋ ࡋ ࡓ 㸬 Ỉ ⵨ Ẽ ࢆ ㏻ ࡍ ࡜ Ỉ ᵴ ࡟ ᾐ ₕ ࡉ ࢀ ࡓ ఏ ⇕

⟶ ࡢ ⾲ 㠃 ࡣ Ẽ Ἳ ࡢ Ⓨ ⏕ ࡟ ࡼ ࡾ Ἓ 㦐 ≧ ែ ࢆ ♧ ࡋ ࡓ 㸬 Ỉ ⵨ Ẽ ࡢ ὶ 㔞 ࢆ ኱

ࡁ ࡃ ࡋ ࡚ ࠸ ࡃ ࡜ ఏ ⇕ ⟶ ⾲ 㠃 ࠿ ࡽ ࡢ Ⓨ Ἳ ࡀ ቑ ࠼ 㸪 ఏ ⇕ ⟶ ඲ 㠃 ࠿ ࡽ Ⓨ Ἳ

ࡍ ࡿ ࡼ ࠺ ࡟ ࡞ ࡿ ࡜ ࢻ ࣞ ࣥ ࡜ Ỉ ⵨ Ẽ ࡀ ᤼ ฟ ࡉ ࢀ 㸪 ఏ ⇕ 㔞 ࡢ ቑ ຍ ࡣ ῶ ᑡ

ࡍ ࡿ 㸬ヨ 㦂 ⤖ ᯝ ࢆ Ta b l e  4 . 3 ࡟ ♧ ࡋ ࡓ 㸬Ỉ ⵨ Ẽ ᅽ ࡀ 㧗 ࡃ ࡞ ࡿ ࡟ ᚑ ࠸ ప

ୗ ࡍ ࡿ ഴ ྥ ࡛ ࠶ ࡿ ࡀ 㸪 ⥲ ᣓ ఏ ⇕ ಀ ᩘ ࡣ 6 . 1㹼 4 . 5 k W / ( m
2࣭ K )࡛ ࠶ ࡿ 㸬

ࡇ ࡢ ್ ࡣ 㸪⇕ ஺ ᥮ ჾ タ ィ ࣁ ࣥ ࢻ ࣈ ࢵ ࢡ ( 1 1 ࡟( ࡼ ࡿ ࡜ 㔠 ᒓ ⟶ ࡟ ࡼ ࡿ Ỉ ⵨

Ẽ ࡜ Ỉ ࡜ ࡢ 㛫 ࡢ ⥲ ᣓ ఏ ⇕ ಀ ᩘ ࡢ ᴫ ␎ ್ ࡀ 1 . 2㹼 4 . 1 k W / ( m
2࣭ K )࡛ ࠶ ࡿ

࡜ ♧ ࡉ ࢀ ࡚ ࠸ ࡿ ࡇ ࡜ ࠿ ࡽ ࡯ ࡰ ጇ ᙜ ࡛ ࠶ ࡿ 㸬  

ప   ᇦ ࡛ ࡢ ࢩ ࣥ ࢢ ࣝ ࢚ ࣥ ࢻ ᆺ S S i C ⇕ ஺ ᥮ ჾ ࡢ ᐇ ᶵ ヨ 㦂 ࡛ ࡣ 㸪 ෆ

ᚄ ⣙ 1 . 5 m ࡢ Ỉ ᖹ ↮ 㐨 ࡛ 㸪 ȭ 6 0ェȭ 4 8ェ 1 0 0 0 m m  S S i C ఏ ⇕ ⟶ 1 0 ᮏ ࢆ

ୖ ὶ ࠿ ࡽ ୗ ὶ ࡟ 1 ิ ࡟ タ ⨨ ࡋ 㸪 1 0 0 p p m  S O x㸪 2 4 0 p p m  N O x ࢆ ྵ ࡴ  

ᗘ 4 7 0 K㸪ὶ 㔞  1 4 0 0 0 m
3

[ n o r m a l ] / h ࡢ ᤼ ࢞ ࢫ ࡟ ࡼ ࡾ ఏ ⇕ ⟶ ෆ ࡟ ὶ ࡋ ࡓ

Ỉ ࢆ ຍ ⇕ ࡋ ࡚ ⣙ 2 8 k W ࡢ ᤼ ⇕ ᅇ ཰ ࢆ ࡋ ࡓ ( 1 2 )㸬ᴫ ⟬ ࡟ ࡼ ࡿ ⥲ ᣓ ఏ ⇕ ಀ

ᩘ ࡣ ⣙ 0 . 6 k W / ( m
2࣭ K )࡛ ࠶ ࡿ 㸬 ᐇ ᶵ ࡛ ຠ ⋡ ࢆ ୖ ࡆ ࡿ ࡟ ࡣ ఏ ⇕ ⟶ ࡢ 㓄

⨨ ࡸ ᤼ ࢞ ࢫ ࡢ ὶ ㏿ ࢆ ⪃ ៖ ࡍ ࡿ ᚲ せ ࡀ ࠶ ࡿ 㸬  

 

Ta b l e  4 . 3  R e s u l t  o f  h e a t  e x c h a n g e  w i t h  s a t u r a t e d  s t e a m .  

   

 

 

Steam pressure     Temperature     Volume of     Overall heat

condensed water transfer coefficient

           MPa             K       10
-6

m
3
/s         kW/(m

2䞉K)

0.25 400 7.5 6.1

0.30 406 7.8 5.1

0.40 416 10.0 4.9

0.45 420 10.3 4.5
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4 . 3 . 2  㟢 Ⅼ ᇦ ࡛ ࡢ ⪏ ⭉ 㣗 ᛶ    

⭉ 㣗 ㏿ ᗘ ࡣ 㸪 ヨ ᩱ ࢆ   ᗘ 3 7 3 K ࡢ ⸆ ᾮ ୰ ࡟ ᾐ ₕ ࡉ ࡏ ࡓ ሙ ྜ ࡜ 㸪 ࡇ

ࡢ ⸆ ᾮ ࡢ ୖ ࡛ ⵨ Ẽ ࡔ ࡅ ࡟ ᭚ ࡋ ࡓ ሙ ྜ ࡢ 2 ✀ 㢮 ࡢ ᪉ ἲ ࡛ ᐇ ᪋ ࡋ 㸪 ࡑ ࢀ

ࡒ ࢀ ヨ 㦂 ๓ ᚋ ࡢ 㔜 㔞 ኚ ໬ ࠿ ࡽ ⟬ ฟ ࡋ ࡓ 㸬 ⏝ ࠸ ࡓ ⸆ ရ ࡣ 㸪 ࣇ ࢵ 㓟 ͤ 㸪

ሷ 㓟 ͤ ͤ ࠾ ࡼ ࡧ Ỉ 㓟 ໬ ࢼ ࢺ ࣜ ࢘ ࣒ Ỉ ⁐ ᾮ ͤ ͤ ͤ ࡛ ࠶ ࡿ 㸬⤖ ᯝ ࢆ Ta b l e  4 . 4

࡟ ♧ ࡋ ࡓ 㸬 ▼ ⱥ ࢞ ࣛ ࢫ ࡣ ሷ 㓟 㸪 Ỉ 㓟 ໬ ࢼ ࢺ ࣜ ࢘ ࣒ ࡟ ᑐ ࡋ ࡚ ࡣ ⪏ 㣗 ᛶ

ࢆ ♧ ࡍ ࡀ 㸪 ࣇ ࢵ 㓟 ࡟ ᑐ ࡋ ࡚ ⪏ ⭉ 㣗 ᛶ ࡀ ຎ ࡿ 㸬 R B S N ࡣ 㓟 ࠾ ࡼ ࡧ ࢔ ࣝ

࢝ ࣜ Ỉ ⁐ ᾮ ࡢ ࠸ ࡎ ࢀ ࡢ ⸆ ᾮ 㸪 ⵨ Ẽ ࡟ ࡼ ࡗ ࡚ ࡶ ⭉ 㣗 ࡉ ࢀ ࡿ 㸬 ࢔ ࣝ ࣑ ࢼ

ࡣ ⸆ ᾮ ࠾ ࡼ ࡧ ࡑ ࡢ ⵨ Ẽ ࡟ ᑐ ࡋ ࡚ 㧗 ࠸ ⪏ ⭉ 㣗 ᛶ ࢆ ♧ ࡍ ࡀ 㸪S S i C ᮦ ᩱ ࡟

ẚ ࡭ ࡿ ࡜ ຎ ࡿ 㸬 ࡇ ࢀ ࡟ ᑐ ࡋ ࡚ S S i C ᮦ ᩱ ࡣ ࡇ ࢀ ࡽ ࡢ ⸆ ᾮ ࡸ ⵨ Ẽ ࡟ ᑐ

ࡋ ࡚ ⪏ ⭉ 㣗 ᛶ ࡀ ඃ ࢀ ࡚ ࠸ ࡿ 㸬  

 

Ta b l e  4 . 4  C o r r o s i o n  r a t e  o f  c e r a m i c s .  ( ȝ m / h )  

   

 

 

 

 

 

 

 

 

㓟ͤࢵࣇ  : 10mass% HF 

ሷ㓟ͤ ͤ  : 10mass% HCl 

Ỉ㓟໬࣒࢘ࣜࢺࢼỈ⁐ᾮͤ ͤ ͤ  : 10mass% NaOH 

䚷䚷䚷䚷HF
䈜 䚷䚷䚷HCl

䈜䈜 䚷䚷NaOH
䈜䈜䈜

in vapor in soln. in vapor in soln. in vapor in soln.

SSiC 0.001 0.003 0 0.001 0 0.002

RBSN 0.190 1.680 0.590 0.820 0.547 1.309

Alumina 0.072 0.290 0.005 0.007 0.014 0.186

Quartz 18.46 46.93 0.001 0.002 0.414 0.630
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4 . 3 . 3  ᐇ ᶵ 㟢 Ⅼ ᇦ ࡛ ࡢ ⪏ ⭉ 㣗 ᛶ ヨ 㦂  

ᐇ ᶵ ヨ 㦂 ࡣ 㸪 1᪥ ᙜ ࡓ ࡾ ࡢ ୍ ⯡ ᗫ Რ ≀ ࡢ බ ⛠ ฎ ⌮ ⬟ ຊ ࡀ 3 3 0 0 0 0 k gࡢ

ࢫ ࢺ ࣮ ࢝ ᘧ ↝ ༷ ⅔ ࡢ ᤼ ↮ ᛴ ෭ Ὑ ί ሪ ( 1 3 )ฟ ཱྀ ௜ ㏆ ࡛ ᐇ ᪋ ࡋ ࡓ 㸬 ヨ 㦂 ᮦ

ᩱ ࡣ 㸪 ᑍ ἲ ࡀ ⣙ ȭ 4 8 . 6ェȭ 4 1 . 4ェ 8 0 0 m mࡢ S S i Cఏ ⇕ ⟶ ࡜ 㸪 ẚ ㍑ ရ ࡜ ࡋ

࡚ J I Sつ ᱁ ࡢ ࢳ ࢱ ࣥ - 2✀ ࠾ ࡼ ࡧ S U S 3 1 6 L࡟ ࡼ ࡿ ྠ ᙧ ≧ ࡢ ୍ ➃ ᑒ ࡌ ఏ ⇕

⟶ ࡛ ࠶ ࡿ 㸬ヨ 㦂 ࡣ 㸪෭ ༷ Ỉ ࢆ ᄇ 㟝 ࡉ ࢀ ࡓ   ᗘ ⣙ 3 4 0 K㸪ὶ 㔞 ⣙ 6 5 0 0 0 m
3

/ hࡢ ᤼ ࢞ ࢫ ࡀ ὶ ࢀ ࡿ ⿦ ⨨ ෆ ࡟ ὶ ࢀ ࡜ ┤ ஺ ࡍ ࡿ ࡼ ࠺ ࡟ ヨ 㦂 ᮦ ᩱ ࢆ タ ⨨

ࡋ 㸪 ࢣ4 ᭶ 㛫 ᭀ 㟢 ࡋ ࡓ 㸬 Ta b l e 4 . ࡟2 ᤼ ࢞ ࢫ ࡢ ௦ ⾲ ⓗ ⤌ ᡂ ࢆ ♧ ࡋ ࡓ 㸬  

F i g . 4 . 5 ( a ࡟( ఏ ⇕ ⟶ ࡢ タ ⨨ ≧ ἣ ࢆ ♧ ࡋ ࡓ 㸬 ᅗ ࡟ ♧ ࡉ ࢀ ࡓ ୖ ഃ ࡀ S S i Cఏ

⇕ ⟶ ࡛ 㸪㡰 ࡟ S U S 3 1 6 L㸪ࢳ ࢱ ࣥ ఏ ⇕ ⟶ ࡛ ࠶ ࡿ 㸬⣽ ࠸ ⟶ ࡣ ⇕ 㟁 ᑐ ࡛ ࠶ ࡿ 㸬

S S i Cఏ ⇕ ⟶ ࡢ ྲྀ ࡾ ௜ ࡅ ᪉ ἲ ࡀ ௚ ࡢ 㔠 ᒓ ⟶ ࡜ ␗ ࡞ ࡿ ࡓ ࡵ ࣇ ࣛ ࣥ ࢪ 㒊 ࡢ

እ ほ ࡣ ྠ ࡌ ࡛ ࡣ ࡞ ࠸ 㸬෭ ༷ Ỉ ࡣ 㟝 ≧ ࠶ ࡿ ࠸ ࡣ ᾮ ⁲ ≧ ࡟ ࡞ ࡾ 㸪᤼ ࢞ ࢫ ࡜

࡜ ࡶ ࡟ ఏ ⇕ ⟶ ୖ ࡟ 㝆 ࡾ ὀ ࡀ ࢀ ࡿ 㸬   

ヨ 㦂 ⤖ ᯝ ࢆ F i g . 4 . 5 ( b ࡟( ♧ ࡋ ࡓ 㸬 ᅗ ࡣ F i g . 4 . 5 ( a ۑ( ༳ 㒊 ࢆ ᣑ ኱ ࡋ ࡚ ♧

ࡋ ࡓ 㸬 S U S 3 1 6 L⟶ ࡣ ྲྀ ࡾ ௜ ࡅ ࡽ ࢀ ࡓ ቨ ഃ ㏆ ഐ ࡟ ⭉ 㣗 ࡟ ࡼ ࡿ ✰ ࡀ 㛤 ࡁ 㸪

ఏ ⇕ ⟶ ࡜ ࡋ ࡚ ౑ ⏝ ୙ ྍ ⬟ ࡛ ࠶ ࡿ 㸬ࢳ ࢱ ࣥ ⟶ ࡣ ౑ ⏝ ୙ ྍ ⬟ ࡢ ≧ ែ ࡛ ࡣ ࡞

࠸ ࡀ 㸪 ቨ ഃ ㏆ ഐ ࡟ ⓑ Ⰽ ࡢ ௜ ╔ ≀ ࡀ ㄆ ࡵ ࡽ ࢀ ࡿ 㸬 ௜ ╔ ≀ ࡢ E P M A࡟ ࡼ ࡿ

ඖ ⣲ ศ ᯒ ್ ࢆ Ta b l e  4 . ࡟5 ♧ ࡋ ࡓ 㸬௜ ╔ ≀ ࠿ ࡽ ࢳ ࢱ ࣥ ࡀ ᳨ ฟ ࡉ ࢀ ࡓ ࡇ ࡜

࠿ ࡽ 㸪ࢳ ࢱ ࣥ ⟶ ࡣ ⭉ 㣗 ࡉ ࢀ ࡓ ࡜ ุ ᩿ ࡉ ࢀ ࡿ 㸬ྠ ᫬ ࡟ ᳨ ฟ ࡉ ࢀ ࡓ Ⅳ ⣲ ࡣ

ᗫ Რ ≀ ࡢ ᮍ ⇞ ศ ࡞ ࡝ ࡛ ࠶ ࡾ 㸪◲ 㯤 ࡣ ◲ 㓟 㸪ள ◲ 㓟 ࠶ ࡿ ࠸ ࡣ ࡑ ࢀ ࡽ ࡢ ሷ

࡛ ࠶ ࡿ 㸬ࡑ ࢀ ࡟ ᑐ ࡋ ࡚ S S i Cఏ ⇕ ⟶ ࡣ ⾲ 㠃 ࡟ ở ࢀ ࡣ ࠶ ࡗ ࡓ ࡀ 㸪␗ ᖖ ࡣ ㄆ

ࡵ ࡽ ࢀ ࡞ ࠸ 㸬   

 

Ta b l e  4 . 5  C h e m i c a l  a n a l y s i s  o f  s c a l e  o n  t i t a n  t u b e .  

    

 

(mol%)

Ti O C S Fe

44.6 43.5 9.3 2 0.6
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        S S i C  t u b e .                     T i t a n  t u b e  

           

 

          S U S 3 1 6 L t u b e  

( b )  A f t e r  4  m o n t h s     

    F i g . 4 . 5  C o r r o s i o n  t e s t  o f  S S i C ,  t i t a n  a n d  S U S 3 1 6 L t u b e   

o n  c l e a n i n g  t o w e r  o f  e x h a u s t  g a s  f o r  4  m o n t h s .  

 

 

 

෗┿ 1 ౪ヨయタ⨨≧ἣ 

CERASIC順-B⟶ 

 ⟶ࣥࢱࢳ

 ⟶ࢫࣞࣥࢸࢫ

⇕㟁ᑐ㸦SUS304ಖㆤ⟶㸧 

(A)⿦⨨እ㒊 (B)⿦⨨ෆ㒊 

ୖഃ 

ୗഃ 

ୖഃ 

ୗഃ 

順 ⟶

⟶ࣥࢱࢳ⟶ࢫࣞࣥࢸࢫ

෗┿ ヨ㦂ᚋྛࡢ౪ヨᮦᩱࡢእほ෗┿

⟶

⟶ࢫࣞࣥࢸࢫ

⟶ࣥࢱࢳ

順 ⟶

⟶ࣥࢱࢳ⟶ࢫࣞࣥࢸࢫ

෗┿ ヨ㦂ᚋྛࡢ౪ヨᮦᩱࡢእほ෗┿

⟶

⟶ࢫࣞࣥࢸࢫ

⟶ࣥࢱࢳ

S S i C  

T h e r m o c o u p l e  

S U S 3 1 6 L  

Ti t a n ( J I S - 2 )  

U p p e r  

L o w e r  

 

 

 O u t s i d e                                I n s i d e  

( a )  B e f o r e  t e s t  
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4 . 3 . 4  ⇕ ศ ゎ ࢞ ࢫ ໬ ⁐ ⼥ ⅔ ࡛ ࡢ ⇕ ஺ ᥮ ヨ 㦂    

4 . 3 . 4 . ( 1 )  ఏ ⇕ ⟶ ࡢ タ ⨨   

⇕ ஺ ᥮ ヨ 㦂 ࢆ ࡋ ࡓ ୍ ⯡ ᗫ Რ ≀ ⇕ ศ ゎ ࢞ ࢫ ໬ ⁐ ⼥ ⅔ ࡣ 㸪 1 ᪥ ᙜ ࡓ ࡾ

ࡢ බ ⛠ ฎ ⌮ ⬟ ຊ ࡀ 3 3 0 0 0 k g ࡢ  ὶ ື ᗋ ↝ ༷ ⅔ ࡜ 㸪 3 0 0 0 k g ࡢ  ⅊ ⁐ ⼥ ⅔

࠿ ࡽ ᵓ ᡂ ࡉ ࢀ ࡚ ࠸ ࡿ 㸬 ⇕ ஺ ᥮ ჾ ࡢ タ ⨨ ሙ ᡤ ࡣ 㸪 ⅊ ⁐ ⼥ ⅔ ୗ ὶ ࡢ ෆ ᑍ

ࡀ ⣙ 1 . 8 mェ 1 . 8 mェ㛗 ࡉ 1 0 m ࡢ Ỉ ᖹ ↮ 㐨 ࡛ ࠶ ࡿ 㸬    ࡣ K ⇕ 㟁 ᑐ 㸪ᑟ

ධ ࡋ ࡓ ✵ Ẽ ὶ 㔞 ࡢ   ᐃ ࡣ ࢱ ࣮ ࣅ ࣥ ࣓ ࣮ ࢱ ࢆ ⏝ ࠸ ࡓ 㸬 ↝ ༷ ᪋ タ ࡣ ᮏ ◊

✲ ࡢ ⇕ ஺ ᥮ ヨ 㦂 ࡟ 㛵 ࢃ ࡽ ࡎ ㏻ ᖖ ࡢ ᮲ ௳ ࡛ 㐠 ㌿ ࡉ ࢀ ࡓ 㸬  

F i g . 4 . ࡟6 タ ⨨ ࡉ ࢀ ࡓ ⇕ ஺ ᥮ ჾ ࡜ 㓄 ⟶ ࡢ እ ほ ࢆ ♧ ࡋ ࡓ 㸬S S i Cఏ ⇕ ⟶ ࡣ

↮ 㐨 ഃ ቨ ࡟ Ỉ ᖹ ᪉ ྥ ࡟ 7ᮏ タ ⨨ ࡋ ࡓ 㸬 ఏ ⇕ ⟶ ࡢ ᑍ ἲ ࡣ ȭ 9 0 ×ȭ 7 6 × 1 6 0 0

m m࡛ ࠶ ࡿ 㸬ᅗ ୰ ࡛ ᩿ ⇕ ᮦ ࢆ ᪋ ࡉ ࢀ ࡓ 2ᮏ ࡣ 㸪 J I Sつ ᱁ S S 4 0 0〇 ࡢ ෆ ⟶ ȭ

6 2 ×ȭ 5 0 × 1 7 5 0 m mࢆ ⤌ ࡳ ㎸ ࡲ ࢀ ࡓ ᮏ ヨ 㦂 ࡛ ࡢ ⇕ ஺ ᥮ ჾ ࡛ ࠶ ࡿ 㸬 ࡑ ࡢ ㏆

ഐ ࡟ ぢ ࡽ ࢀ ࡿ ᑒ ࡌ ࡽ ࢀ ࡓ ࣐ ࢘ ࣥ ࢺ ࡟ ࡣ ᭀ 㟢 ヨ 㦂 ⏝ ࡜ ࡋ ࡚ S S i Cఏ ⇕ ⟶

ࢆ タ ⨨ ࡋ ࡓ 㸬 ᑟ ධ ࡉ ࢀ ࡿ ᐊ   ࡢ ✵ Ẽ ࡣ ᅗ ♧ ࡋ ࡓ ▮ ༳ ࡢ ࡼ ࠺ ࡟ ὶ ࢀ ࡿ 㸬

㓄 ⟶ ࡣ ࡛ ࡁ ࡿ ࡔ ࡅ 㧗   ࡢ ✵ Ẽ ࢆ ᅇ ཰ ࡍ ࡿ ࡓ ࡵ 㸪F i g . 4 . ࡟7 ♧ ࡋ ࡓ ࡼ ࠺ ࡟

⇕ ஺ ᥮ ჾ 2ྎ ࢆ ┤ ิ ࡜ ࡋ ࡓ 㸬1ẁ ┠ ࡢ ⇕ ஺ ᥮ ࡛ ຍ ⇕ ࡉ ࢀ ࡓ ✵ Ẽ ࡣ ࡑ ࡢ ࡲ

ࡲ 2ẁ ┠ ࡟ ᑟ ධ ࡉ ࢀ 㸪 ෌ ᗘ ⇕ ஺ ᥮ ࡉ ࢀ ࡓ ᚋ ኱ Ẽ ୰ ࡟ ᨺ ฟ ࡉ ࢀ ࡓ 㸬 ྠ ᫬

࡟ ⪏ ⇕ ᛶ ࢆ ẚ ㍑ ࡍ ࡿ ࡓ ࡵ ྠ ᑍ ἲ ࡢ J I S  つ ᱁ S C H 2 4⪏ ⇕ 㗪 㗰 〇 ࣛ ࢪ ࢔

ࣥ ࢺ ࢳ ࣗ ࣮ ࣈ 1ᮏ ࢆ タ ⨨ ࡋ ࡓ 㸬   
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M o u n t  f o r  s u r v e y  t e s t  

F i g . 4 . 6  Vi e w  o f  S S i C  h e a r t  e x c h a n g e r  p i p e d  i n  s e r i e s   

o n  t h e  f u r n a c e .  

 

 

 

 

 

 

1
s t .

p a s s  

2
n d .

p a s s  

C o o l  a i r  

H o t  a i r  
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4 . 3 . 4 . ( 2 )  ⇕ ஺ ᥮ ヨ 㦂   

㏻ ᖖ ᧯ ᴗ ᫬ ࡢ ↮ 㐨 ෆ   ᗘ ࡣ ⣙ 1 1 5 0 K㸪᤼ ࢞ ࢫ ὶ 㔞 ࡣ ⣙ 1 3 0 0 0 m
3

/ h࡛ ࠶

ࡿ 㸬 ヨ 㦂 ࡣ 㸪 ↮ 㐨 ෆ   ᗘ ࡀ 1 1 0 0㹼 1 2 0 0 K࡟ 㐩 ࡋ ࡓ ᚋ 㸪 ⇕ ஺ ᥮ ჾ ෆ ࡟ ⣙

2 9 0 Kࡢ ᐊ   ✵ Ẽ 7 9 . 2 m
3

[ n o r m a l ] / hࢆ ㏦ 㢼 ᶵ ࡛ ㏦ ࡾ ㎸ ࢇ ࡔ 㸬   ᗘ ࡣ K⇕

㟁 ᑐ ࢆ ⏝ ࠸ ࡚ F i g . 4 . ࡟7 ♧ ࡋ ࡓ A㹼 Eࡢ ྛ Ⅼ ࡛   ᐃ ࡋ ࡓ 㸬   

F i g . 4 . ࡟8 5᫬ 㛫 ⇕ ஺ ᥮ ヨ 㦂 ࡋ ࡓ ⤖ ᯝ ࢆ ♧ ࡋ ࡓ 㸬⥺ A㹼 Dࡣ F i g . 4 . ࡢ7 ྛ

Ⅼ ࡟ ࠾ ࡅ ࡿ   ᗘ ࡛ 㸪 Eࡣ ↮ 㐨 ෆ   ᗘ ࡛ ࠶ ࡿ 㸬    ⤖ ᯝ ࡣ 㸪 Eࡀ ⣙ 1 1 5 0 K

ࡢ ᫬ 㸪⇕ ஺ ᥮ ᚋ ࡢ ✵ Ẽ   ᗘ ࡣ 1ẁ ┠ ࡢ ⇕ ஺ ᥮ ჾ ฟ ཱྀ C࡛ ⣙ 6 2 0 K࡛ ࠶ ࡾ 㸪

ࡇ ࡢ ✵ Ẽ ࡣ 2ẁ ┠ ࡢ ⇕ ஺ ᥮ ჾ ࡟ ᑟ ධ ࡉ ࢀ 㸪2ẁ ┠ ࡢ ฟ ཱྀ A࡛ ࡣ ⣙ 8 2 0 K࡛

࠶ ࡿ 㸬2ẁ ┠ ࡣ 1ẁ ┠ ࡟ ẚ ࡭ ✵ Ẽ   ᗘ ࡢ ୖ ᪼ ๭ ྜ ࡣ ᑠ ࡉ ࡃ ࡞ ࡗ ࡓ ࡀ 㸪⇕

ศ ゎ ࢞ ࢫ ໬ ⁐ ⼥ ⅔ ࡛ ࡢ ᐇ ᶵ ヨ 㦂 ࡛ Ᏻ ᐃ ࡋ ࡓ ᤼ ⇕ ᅇ ཰ ࡀ ྍ ⬟ ࡛ ࠶ ࡗ ࡓ 㸬

⇕ ஺ ᥮ ჾ ࢆ 2ẁ ┤ ิ ࡟ 㓄 ⟶ ࡍ ࡿ ࡇ ࡜ ࡟ ࡼ ࡾ 㧗   ࡢ ✵ Ẽ ࢆ ᅇ ཰ ࡍ ࡿ ࡇ ࡜

ࡀ ࡛ ࡁ ࡓ 㸬  
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F i g . 4 . 7  S c h e m a t i c  i l l u s t r a t i o n  o f  S S i C  s i n g l e - e n d e d   

h e a t  e x c h a n g e r  p i p e d  i n  s e r i e s .   

 

 

 

 

 

 

 

 

1
s t

 p a s s  

2
n d

 p a s s  

E x h a u s t  g a s  

F u r n a c e  w a l l  

H o t  a i r  

C o o l  a i r  

7 9 . 2 m 3 [ n o r m a l ] / h  

E  
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F i g . 4 . 8  F l u c t u a t i o n  i n  t h e  t e m p e r a t u r e  o f  e x h a u s t  g a s  a n d   

h e a t  e x c h a n g e d  a i r .  
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4 . 3 . 4 . ( 3 )  7 0 0᫬ 㛫 ᚋ ࡢ ↮ 㐨 ෆ ࡢ ᵝ Ꮚ   

F i g . 4 . ࡟9 7 0 0᫬ 㛫 ⤒ 㐣 ᚋ ࡢ ↮ 㐨 ෆ ࡢ ᵝ Ꮚ ࢆ ♧ ࡋ ࡓ 㸬 ᤼ ࢞ ࢫ ࡣ ᅗ ࡢ ᡭ

๓ ࠿ ࡽ ዟ ࡟ ྥ ࠿ ࡗ ࡚ ὶ ࢀ ࡿ 㸬 ௜ ╔ ⅊ ࡣ 㸪 㒊 ศ ⓗ ࡟ ࡣ ⴠ ୗ ࡋ ࡚ ࠸ ࡓ ࡀ 㸪

࠸ ࡎ ࢀ ࡢ ఏ ⇕ ⟶ ࡟ ࡶ ཌ ࡉ ⣙ 1 0㹼 2 0 m mࡢ ௜ ╔ ࡀ ㄆ ࡵ ࡽ ࢀ ࡿ 㸬 ⅊ ࡢ ௜ ╔

ཌ ࡉ ࡣ 㸪᤼ ࢞ ࢫ ࡢ ὶ ࢀ ࡀ ᙜ ࡓ ࡿ ఏ ⇕ ⟶ ࡢ ↮ 㐨 ୖ ὶ ഃ ࡢ 㠃 ࡀ ኱ ࡁ ࠸ 㸬⪏

⇕ ᛶ ࢆ ẚ ㍑ ࡍ ࡿ ࡓ ࡵ ࡢ S C H 2 4〇 ⪏ ⇕ 㗪 㗰 ࣛ ࢪ ࢔ ࣥ ࢺ ࢳ ࣗ ࣮ ࣈ ࡟ ᭤ ࡀ

ࡾ ࡀ ㄆ ࡵ ࡽ ࢀ ࡿ ࡢ ࡟ ᑐ ࡋ ࡚ 㸪S S i Cఏ ⇕ ⟶ ࡣ ඲ ᩘ Ỉ ᖹ ≧ ែ ࢆ ⥔ ᣢ ࡋ ࡚ ࠾

ࡾ 㸪 ⪏ ⇕ ᛶ ࡢ ᕪ ࡣ ᫂ ࡽ ࠿ ࡛ ࠶ ࡿ 㸬  

 

 

  

F i g . 4 . 9  S S i C  a n d  m e t a l l i c  h e a t - t r a n s f e r  t u b e s  a f t e r  

e x p o s e d  7 0 0  h o u r s  t o  e x h a u s t  g a s .  

 

 

 

M e t a l l i c  t u b e  
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4 . 3 . 4 . ( 4 )  ↮ 㐨 ෆ   ᗘ ࡜ ᅇ ཰ ✵ Ẽ   ᗘ ࡢ ⤒ ᫬ ኚ ໬   

ෆ ᑍ ࡀ ⣙ ȭ 2 mェ㧗 ࡉ 1 0 mࡢ ᆶ ┤ ᪉ ྥ ࡢ ↮ 㐨 ࡛ 㸪↮ 㐨 ෆ   ᗘ ࡜ ᅇ ཰ ࡉ

ࢀ ࡓ ✵ Ẽ   ᗘ ࢆ   ᐃ ࡋ 㸪௜ ╔ ⅊ ࡢ ᙳ 㡪 ࢆ ㄪ ࡭ ࡓ 㸬ヨ 㦂 ࡋ ࡓ ⅔ ࡣ ࣟ ࣮ ࢱ

ࣜ ࣮ ᘧ ⇕ ศ ゎ ࢞ ࢫ ໬ ⁐ ⼥ ⅔ ࡛ ࠶ ࡾ 㸪ヨ 㦂 ᮇ 㛫 ࡣ 2 5᪥ 㛫 ࡛ ࠶ ࡿ 㸬⇕ ஺ ᥮

ჾ ࡣ 㸪 S S i Cఏ ⇕ ⟶ ȭ 9 0 ×ȭ 7 6 × 1 2 5 0 m m࡟ S S 4 0 0〇 ෆ ⟶ ȭ 6 2 ×ȭ 5 0 × 1 4 5 0

m mࢆ ⤌ ㎸ ࡳ 㸪 ࡇ ࢀ ࢆ Ỉ ᖹ ᪉ ྥ ࡟ ↮ 㐨 ෆ ࡟ 㟢 ฟ ࡉ ࡏ ࡓ 㸬 ↮ 㐨 ෆ ࡛ ࡢ ఏ

⇕ ⟶ ᭷ ຠ 㛗 ࡣ ⣙ 9 0 0 m m࡛ ࠶ ࡿ 㸬 ⇕ ஺ ᥮ ჾ ෆ ࡟ ὶ ࡋ ࡓ ✵ Ẽ ࡣ 㸪   ᗘ ⣙ 2

9 0 K㸪ὶ 㔞 4 0 m
3

/ h࡛ 㸪    ࡟ ࡣ K⇕ 㟁 ᑐ ࢆ ⏝ ࠸ ࡓ 㸬 F i g . 4 . 1 ࡟0 ⨁ య ࡢ ⇕

஺ ᥮ ჾ タ ⨨ 㒊 ࢆ 㛤 ᨺ ࡋ 㸪ෆ 㒊 ࢆ ほ ᐹ ࡋ ࡓ ᫬ ࡢ ≧ ἣ ࢆ ♧ ࡋ ࡓ 㸬᤼ ࢞ ࢫ ࡣ

ୗ ᪉ ࠿ ࡽ ὶ ࢀ ࡚ ࡃ ࡿ 㸬ᡭ ๓ ࡟ タ ⨨ ࡉ ࢀ ࡓ ⇕ ஺ ᥮ ჾ ࡣ ࣊ ࢵ ࢻ 㒊 ࡢ ⵹ ࡀ ྲྀ

ࡾ እ ࡉ ࢀ ࡚ ࠾ ࡾ ෆ ⟶ ࡢ ࣇ ࣛ ࣥ ࢪ 㒊 ࡀ ☜ ㄆ ࡛ ࡁ ࡿ 㸬 ᅗ ࡣ ⣙ 1㐌 㛫 ࡢ ண ഛ

ヨ 㦂 ᚋ ࡢ ≧ ែ ࡛ ࠶ ࡿ ࡀ 㸪ఏ ⇕ ⟶ ࡟ ࡣ ⅊ ࡢ ௜ ╔ ࡀ ぢ ࡽ ࢀ 㸪⇕ ஺ ᥮ ჾ ࣊ ࢵ

ࢻ 㒊 ࡸ ⿦ ⨨ ⨁ య ࡢ 㔠 ᒓ 㒊 ศ ࡟ ࡣ 㗵 ࡢ Ⓨ ⏕ ࡀ ㄆ ࡵ ࡽ ࢀ ࡿ 㸬  

F i g . 4 . 1 ࡟1 2 5᪥ 㛫 ヨ 㦂 ࡋ ࡓ ᚋ ࡢ ⅊ ࡢ ௜ ╔ ≧ ἣ ࢆ ♧ ࡋ ࡓ 㸬 ఏ ⇕ ⟶ ࡢ ┤

⟶ 㒊 ศ ࡢ ௜ ╔ ⅊ ཌ ࡉ ࡣ ⣙ 5 0㹼 7 0 m m࡛ ࠶ ࡿ ࡀ 㸪 ⅔ ቨ ㏆ ഐ ⣙ 1 0 0 m m࡛ ࠶

ࡿ 㸬 F i g . 4 . 1 ࡟2     ⤖ ᯝ ࢆ ♧ ࡋ ࡓ 㸬 ↮ 㐨 ෆ   ᗘ ࡣ ⣙ 1 2 0 0 K࡛ ᥎ ⛣ ࡋ 㸪

ᅇ ཰ ࡉ ࢀ ࡓ ✵ Ẽ   ᗘ ࡣ ↮ 㐨 ෆ   ᗘ ࡟ ࡯ ࡰ ㏣ 㝶 ࡋ ࡚ ࠸ ࡿ ࡀ 㸪᫬ 㛫 ⤒ 㐣 ࡟

ᚑ ࠸ ₞ ḟ ప ୗ ࡍ ࡿ ഴ ྥ ࡛ ࠶ ࡿ 㸬 ヨ 㦂 ึ ᮇ ࡢ 㡭 ࡢ ᅇ ཰   ᗘ ࡣ ⣙ 7 0 0 K࡛

࠶ ࡗ ࡓ ࡀ 㸪 2 5᪥ ᚋ ࡟ ࡣ ⣙ 5 0 0 K࡛ ࠶ ࡿ 㸬 㝖 ࡁ ❆ ࠿ ࡽ ࡢ ほ ᐹ ࡟ ࡼ ࡿ ࡜ 㸪

ఏ ⇕ ⟶ ࡢ ୗ ഃ 㠃 ࡬ ࡢ ௜ ╔ ⅊ ཌ ࡉ ࡣ ヨ 㦂 ᪥ ᩘ ࡢ ⤒ 㐣 ࡟ ᚑ ࡗ ࡚ ኱ ࡁ ࡃ ࡞

ࡗ ࡓ 㸬ࡇ ࡢ ࡇ ࡜ ࠿ ࡽ ᅇ ཰ ✵ Ẽ ࡢ   ᗘ ప ୗ ࡣ 㸪ఏ ⇕ ⟶ ࡟ ௜ ╔ ࡋ ࡓ ⅊ ࡢ ᙳ

㡪 ࡟ ࡼ ࡿ ࡜ ุ ᩿ ࡉ ࢀ ࡿ 㸬   
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  F i g . 4 . 1 0  Vi e w  o f  i n s t a l l e d  S S i C  h e a t  e x c h a n g e r .  

T h e r m o c o u p l e  K  

 

S i z e  o f  S S i C  h e a t - t r a n s f e r  t u b e :ȭ 9 0ェ 1 2 5 0  ( 9 0 0 m m  i n  f u r n a c e ) .  

F i g . 4 . 1 1  Vi e w  o f  h e a t  e x c h a n g e r  a f t e r  w o r k i n g  2 5  d a y s .  

Tu b e  1  

Tu b e  2    

S S i C  h e a t - t r a n s f e r  t u b e  

H o t  a i r  

C o o l  a i r  

9 0 0 m m  

I n n e r  t u b e  f l a n g e  
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      F i g . 4 . 1 2  F l u c t u a t i o n  o f  t e m p e r a t u r e  o f  e x h a u s t  g a s   

        a n d  h e a t  e x c h a n g e d  a i r  f o r  2 5 d a y s .  

  

 

 

 

 

 

 

 

 

 

 

 

 

0

400

800

1200

1600

1 6 11 16 21 26

T
em

p
er

at
u

re
 (

 K
 )

Time ( day )   

Exhaust gas

Heat exchanged air



145 

 

4 . 3 . 5  ᩘ ್ ゎ ᯒ  

4 . 3 . 5 . ( 1 )  ᐇ ᶵ ヨ 㦂 ࡢ ゎ ᯒ   

๓ ㏙ 4 . 3 . 4 . ( 2 )࡛ ᚓ ࡽ ࢀ ࡓ ࢹ ࣮ ࢱ ࢆ ⏝ ࠸ ࡚ 㸪⇕ ஺ ᥮ ヨ 㦂 ࡛ ࡢ ⇕ ࡢ ὶ ࢀ

ࢆ ୗ グ ࡢ ᮲ ௳ ࡛ S TA R - C D࡟ ࡼ ࡾ ᩘ ್ ゎ ᯒ ࡋ ࡓ 㸬  

 

( 1 )ὶ ࢀ ゎ ᯒ :  㧗 ࣞ ࢖ ࣀ ࣝ ࢬ ᩘ ࡢ ț - İ ஘ ὶ ゎ ᯒ ࣔ ࢹ ࣝ  

( 2 )ቨ 㠃 ㏆ ഐ ὶ ࢀ :  ቨ ἲ ๎ ࢆ ౑ ⏝  

( 3 )ቨ 㠃 ⇕ ఏ 㐩 :  ቨ 㛵 ᩘ ࢆ ౑ ⏝  

( 4 )࣓ ࢵ ࢩ ࣗ ศ ๭ :  ቨ ἲ ๎ ᮲ ௳ ࡟ ྜ ࢃ ࡏ ࡚ ศ ๭  

( 5 )᤼ ࢞ ࢫ :  Ỉ ศ 㔞 3 0 v o l ࡢ% ✵ Ẽ ࡜ ࡋ ୗ ᪉ ࠿ ࡽ ୖ ᪼ ࡍ ࡿ  

 

᤼ ࢞ ࢫ ᡂ ศ ࡣ ኚ ື ࡀ ኱ ࡁ ࠸ ࡓ ࡵ 㸪 ゎ ᯒ ࣔ ࢹ ࣝ ࡛ ࡣ ࢞ ࢫ ᨺ ᑕ ࡟ ᙳ 㡪 ࡍ

ࡿ Ỉ ศ ࡢ ࡳ ࢆ ⪃ ៖ ࡋ ࡓ 㸬 ゎ ᯒ ⠊ ᅖ ࡣ F i g . 4 . 1 3 ( a ࡟( ♧ ࡋ ࡓ 㛗 ࡉ 1 6 0 0 ×

ᖜ 4 0 0 ×㧗 ࡉ 8 0 0 m m ࡛ 㸪 ఏ ⇕ ⟶ ࡟ ࡣ ⅊ ࡢ ௜ ╔ ࡣ ࡞ ࠸ ࡜ ࡋ ࡓ 㸬 ⇕ ⓗ ᛶ

㉁ ࡣ Ta b l e  4 . 1 ࡟ ♧ ࡋ ࡓ ᮲ ௳ ࢆ ⏝ ࠸ ࡓ 㸬 ᑠ ᆺ ఏ ⇕ ⟶ ࡢ ᑍ ἲ ࡣ 㸪 ȭ 9 0

ェȭ 7 6ェ 1 6 0 0 m m (᭷ ຠ 㛗 1 4 0 0 m m )࡛ ࠶ ࡿ 㸬  

⤖ ᯝ ࢆ F i g . 4 . 1 3 ( b ࡟( ♧ ࡋ ࡓ 㸬 ෆ ⟶ ࡟ ᑟ ධ ࡉ ࢀ ࡓ 2 9 0 K ࡢ ✵ Ẽ ࡣ 㸪

ఏ ⇕ ⟶ ࢆ ௓ ࡋ ࡚ ᤼ ࢞ ࢫ ࡜ ࡢ ⇕ ஺ ᥮ ࡟ ࡼ ࡾ ఏ ⇕ ⟶ ࡢ ฟ ཱྀ ࡲ ࡛ ₞ ḟ   ᗘ

ୖ ᪼ ࡋ 6 2 5 K ࡟ ࡞ ࡿ 㸬 ࡇ ࡢ ィ ⟬ ್ ࡣ 4 . 3 . 4 . ( 2 )㡯 ࡢ ᐇ ᶵ ヨ 㦂 ࢹ ࣮ ࢱ ࡟

㏆ ࡃ 㸪 ᩘ ್ ゎ ᯒ ࡟ ࡼ ࡾ ⇕ ࡢ ὶ ࢀ ࢆ ࡯ ࡰ ෌ ⌧ ࡍ ࡿ ࡇ ࡜ ࡀ ࡛ ࡁ ࡓ 㸬   

ࡇ ࡢ ゎ ᯒ ᮲ ௳ ࡛ ኱ ᆺ S S i C ⇕ ஺ ᥮ ჾ ࡬ ࡢ 㐺 ⏝ ࢆ ᳨ ウ ࡍ ࡿ ࡀ 㸪 ᮏ ᩘ

್ ゎ ᯒ ࡜ ᐇ ᶵ ࡜ ࡢ 㐪 ࠸ ࡜ ࡋ ࡚  

( 1 )ゎ ᯒ ࡋ ࡓ ࣔ ࢹ ࣝ ࡀ ↮ 㐨 ෆ ࡢ ୍ 㒊 ࡛ ࠶ ࡿ  

( 2 )ఏ ⇕ ⟶ ࡸ ↮ 㐨 ቨ 㠃 ࡢ ௜ ╔ ⅊ ࡟ ࡼ ࡿ ఏ ⇕ ≉ ᛶ ࡢ ኚ ໬  

࡞ ࡝ ࡀ ᣲ ࡆ ࡽ ࢀ ࡿ 㸬 ࡇ ࢀ ࡽ ࡢ Ⅼ ࢆ ⪃ ៖ ࡍ ࡿ ࡜ ᐇ ᶵ ࡜ ゎ ᯒ ࣔ ࢹ ࣝ ࡢ ᩘ

್ ゎ ᯒ ࡟ ࡼ ࡿ ᐃ ᛶ ⓗ ẚ ㍑ ࡣ ྍ ⬟ ࡛ ࠶ ࡿ ࡜ ⪃ ࠼ ࡿ 㸬  
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                        S S i C  h e a t  t r a n s f e r  t u b e  

     

( a )  C a l c u l a t i o n  a r e a .  

 

  

( b )  F l o w  a n d  t e m p e r a t u r e  o f  a i r .  

F i g . 4 . 1 3  C a l c u l a t e d  a r e a  a n d  t e m p e r a t u r e  o f  h e a t  e x c h a n g e d  a i r  

w i t h  s m a l l  s i z e  S S i C  t r a n s f e r  t u b e .  

 

 

1 6 0 0 m  

8 0 0  

(Υ )
4 0 0  ( m m )  

C o o l  a i r  

2 9 0 K  

H o t  a i r  

  6 2 5 K  

4 0 0  

8 0 0  
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4 . 3 . 5 . ( 2 )  ኱ ᆺ ఏ ⇕ ⟶ ࡢ ᳨ ウ   

๓ 㡯 4 . 3 . 5 . ( 1 ࡜( ྠ ᵝ ࡢ ゎ ᯒ ᮲ ௳ ࡛ 㸪 ᑍ ἲ ࡀ ȭ 2 0 0 ×ȭ 1 7 9 × 2 3 0 0 m m (⅔

ෆ ᭷ ຠ 㛗 1 8 0 0 m m )࡛ ࠶ ࡿ S S i C኱ ᆺ ఏ ⇕ ⟶ ࢆ ⏝ ࠸ ࡓ ⇕ ஺ ᥮ ჾ ࡟ ࡘ ࠸ ࡚  

S TA R - C D࡟ ࡼ ࡾ ゎ ᯒ ࡋ ࡓ 㸬 ᮦ ᩱ ࡢ ⪏ 㣗 ᛶ ࡟ 㛵 ࡍ ࡿ ண ഛ ᐇ 㦂 ࡛ 㸪 9 0 0 K

⛬ ᗘ ࡛ ࡣ S S i Cᮦ ᩱ ࡣ ⅊ ࡟ ࡼ ࡾ ࡯ ࡜ ࢇ ࡝ ᾐ 㣗 ࡉ ࢀ ࡞ ࠿ ࡗ ࡓ ࡇ ࡜ 㸪࠾ ࡼ ࡧ

༨ 㒊 ( 1 4 ࡀ( Ⅳ ໬ ࡅ ࠸ ⣲ ࣞ ࣥ ࢞ ࢆ ⏝ ࠸ ࡚ 9 7 0㹼 1 0 7 0 K࡛ Ⰻ ዲ ࡞ ᐇ ⦼ ࢆ ᚓ ࡓ

࡜ ♧ ࡋ ࡓ ࡇ ࡜ ࠿ ࡽ 㸪 ఏ ⇕ ⟶ ⾲ 㠃   ᗘ ࡀ 9 0 0 Kࢆ ㉸ ࠼ ࡞ ࠸ ⛬ ᗘ ࢆ ๓ ᥦ ࡟

ࡋ ࡚ 㸪ఏ ⇕ ⟶ ⾲ 㠃   ᗘ 㸪ᅇ ཰ ✵ Ẽ   ᗘ ࠾ ࡼ ࡧ ᅽ ຊ ᦆ ኻ ࢆ ィ ⟬ ࡋ ࡓ 㸬᤼

࢞ ࢫ   ᗘ ࡣ ⅔   ኚ ື ࢆ ⪃ ៖ ࡋ ᐇ ᶵ   ᐃ   ᗘ ࡼ ࡾ ࡶ 㧗 ࠸ 1 2 7 3 K࡜ ࡋ ࡓ 㸬

ゎ ᯒ ࡣ ᑟ ධ ࡉ ࢀ ࡓ ✵ Ẽ 2 9 3 K - 2 5 0 0 m
3

/ h࡜ ⇕ ஺ ᥮ ࡍ ࡿ ࡶ ࡢ ࡜ ࡋ 㸪ఏ ⇕ ⟶ 1

8ᮏ ࢆ ୪ ิ 㓄 ⟶ ࡋ 㸪⪏ ⭉ 㣗 ᛶ ࡢ 㧗 ࠸  S U S 3 0 4 *࡛ 㐀 ࡽ ࢀ ࡓ ෆ ⟶ ࡢ ᚄ ࢆ ᶍ

ᘧ ⓗ ࡟ ձ ȭ 1 1 4㸪 ղ ȭ 1 4 0㸪 ճ ȭ 1 6 ࡜5 ኚ ໬ ࡉ ࡏ ࡚ ᳨ ウ ࡋ ࡓ 㸬 Ta b l e  4 . 6

࡟ ఏ ⇕ ⟶ ᑍ ἲ 㸪 ✵ Ẽ ࠾ ࡼ ࡧ ᤼ ࢞ ࢫ ࡢ ᮲ ௳ ࢆ ♧ ࡋ ࡓ 㸬  

ィ ⟬ ⤖ ᯝ ࢆ Ta b l e  4 . ࡟7 ♧ ࡋ ࡓ 㸬ᅇ ཰ ࡉ ࢀ ࡓ ✵ Ẽ   ᗘ ࡣ 㸪ձ ࡢ ሙ ྜ ࡣ

6 2 3 K㸪࠾ ࡼ ࡧ ճ ࡛ ࡣ 6 5 3 K࡛ ࠶ ࡾ 㸪ෆ ⟶ ᚄ ࡀ ኱ ࡁ ࠸ ⛬ 㧗   ࡛ ࠶ ࡿ 㸬 F i g .

4 . 1 ࡟4 ෆ ⟶ ᚄ ձ ࡢ ሙ ྜ ࡢ ఏ ⇕ ⟶ ⾲ 㠃   ᗘ ศ ᕸ ࢆ ♧ ࡋ ࡓ 㸬ఏ ⇕ ⟶ ⾲ 㠃  

ᗘ ࡣ ෆ ⟶ ᚄ ࡟ ࡼ ࡽ ࡎ 㸪ఏ ⇕ ⟶ ୗ 㠃 ฟ ཱྀ ㏆ ഐ ࡟ 㧗   㒊 ศ ࡀ Ⓨ ⏕ ࡋ 㸪᭱ ࡶ

㧗   ࡛ ࠶ ࡿ ձ ࡢ ሙ ྜ ࡛ ࡣ 8 9 3 K࡛ ࠶ ࡿ 㸬 ࡇ ࡢ 㧗   ࡟ ࡞ ࡗ ࡓ 㒊 ศ ࡣ 㸪 ࡣ

ࡌ ࡵ ࡟ タ ᐃ ࡋ ࡓ   ᗘ 9 0 0 Kࡼ ࡾ ࡶ ప ࠸ ࡇ ࡜ ࠿ ࡽ ఏ ⇕ ⟶ ࡢ ᾐ 㣗 ࡬ ࡢ ᙳ 㡪

ࡣ ኱ ࡁ ࡃ ࡞ ࠸ ࡜ ⪃ ࠼ ࡽ ࢀ ࡿ 㸬୍ ᪉ 㸪ື ຊ ࢥ ࢫ ࢺ ࡟ ᙳ 㡪 ࡍ ࡿ ᅽ ຊ ᦆ ኻ ࡣ 㸪

ෆ ⟶ ᚄ ࡀ ኱ ࡁ ࡃ ࡞ ࡾ ఏ ⇕ ⟶ ࡜ ࡢ 㛫 㝽 ࡀ ⊃ ࠸ ࡜ ኱ ࡁ ࡃ ࡞ ࡿ ഴ ྥ ࡛ ࠶ ࡿ 㸬

ձ ࡢ ሙ ྜ ࡣ タ ᐃ   ᗘ ௨ ୗ ࡛ ࠶ ࡾ 㸪 ᅽ ຊ ᦆ ኻ ࡀ 4 P a࡛ ࠶ ࡿ ࡇ ࡜ ࠿ ࡽ ᐇ ⏝

໬ ࡢ ྍ ⬟ ᛶ ࡣ ࠶ ࡿ 㸬 ճ ࡣ 4 2 0 P a࡛ ࠶ ࡾ ᐇ ⏝ ໬ ࡟ ࡣ ၥ 㢟 ࡀ ࠶ ࡿ 㸬  

 

 

 

 

 

SUS304* : JIS G4304 ⇕㛫ᅽᘏࢫࣞࣥࢸࢫ㗰ᯈཬࡧ㗰ᖏ 
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Ta b l e  4 . 6  S i z e  o f  h e a t - t r a n s f e r  t u b e  i n  t h e  f u r n a c e  

a n d  t e s t  c o n d i t i o n s .  

 

 

Ta b l e  4 . 7  R e s u l t  o f  t e m p e r a t u r e  o f  a i r ,  h e a t  t r a n s f e r  t u b e   

a n d  h e a d  l o s s .  

 

 

 

F i g . 4 . 1 4  S u r f a c e  t e m p e r a t u r e  o f  S S i C  h e a t - t r a n s f e r  t u b e  i n  c a s eձ .  

Heat transfer tube        (mm) 䃥200×䃥179×1800

Inner tube(SUS304)     (mm) 䐟ĳ 114×ĳ 106×1650

䐠ĳ 140×ĳ 130×1650

䐡ĳ 165×ĳ 155×1650

Air 293K 2500m
3
/h

Exhaust gas 1273K 1.8m/s

    Temperature   Max temperature of Head loss

       of air   heat-transfer tube

Inner tube K K Pa

䐟 623 893 4

䐠 643 883 20

䐡 653 843 420

8 9 3 K  

(Υ )  
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4 . 3 . 6  ⅊ ࡢ ㄪ ᰝ  

4 . 3 . 6 . ( 1 )  ⅊ ࡢ E P M A ほ ᐹ   

௜ ╔ ⅊ ࡣ ⇕ ஺ ᥮ ࢆ ጉ ࡆ 㸪 ⁐ ⼥ ࡍ ࡿ ࡜ S S i C ᮦ ᩱ ࢆ ᾐ 㣗 ࡍ ࡿ ࡇ ࡜ ࡀ

ᠱ ᛕ ࡉ ࢀ ࡓ ࡓ ࡵ ( 1 5 ) 㹼 ( 1 7 )㸪 F i g . 4 . 9 ࡟ ♧ ࡋ ࡓ 7 0 0 ᫬ 㛫 ⤒ 㐣 ᚋ ࡢ ఏ ⇕ ⟶

࡟ ௜ ╔ ࡋ ࡚ ࠸ ࡓ ⅊ ࢆ ㄪ ᰝ ࡋ 㝖 ཤ ᑐ ⟇ ࢆ ヨ ࡳ ࡓ 㸬  

F i g . 4 . 1 5 ( a ࡟( ⅊ ࡢ C O M P O ീ ࢆ ♧ ࡋ ࡓ 㸬 ᅗ ୰ ࡢ ࢫ ࢣ ࣮ ࣝ ࣂ ࣮ ࡣ

1 0 0 ȝ m ࡛ ࠶ ࡿ 㸬 ఏ ⇕ ⟶ ഃ ࡢ ௜ ╔ ⅊ ࡣ 1 0㹼 2 0 ȝ m ࡢ ⢏ Ꮚ ࢆ ྵ ࡴ ẚ ㍑ ⓗ

ᐦ ࡞ ⤌ ⧊ ࢆ ࿊ ࡋ ࡚ ࠸ ࡿ ࡀ 㸪 ᤼ ࢞ ࢫ ഃ ࡣ ␯ ࡞ ⤌ ⧊ ࡛ ࠶ ࡾ 㸪 ඲ య ࡜ ࡋ ࡚

2 ᒙ ࡟ ࡞ ࡗ ࡚ ࠸ ࡿ 㸬F i g . 1 5 ( b )㹼 ( e ࡟( ≉ ᛶ X ⥺ ࡟ ࡼ ࡿ ࢔ ࣝ ࣑ ࢽ ࢘ ࣒ A l㸪

ࡅ ࠸ ⣲ S i㸪 ࢝ ࣝ ࢩ ࢘ ࣒ C a ࠾ ࡼ ࡧ ◲ 㯤 S ࡢ ඖ ⣲ ศ ᯒ ⤖ ᯝ ࢆ ♧ ࡋ ࡓ 㸬

ᅗ ୰ ࡢ ࢫ ࢣ ࣮ ࣝ ࣂ ࣮ ࡣ 2 0 0 ȝ m ࡛ ࠶ ࡿ 㸬⌫ ᙧ ≧ ࡢ ⢏ Ꮚ ࡣ ࢔ ࣝ ࣑ ࢼ 㸪ࢩ

ࣜ ࢝ ࢆ ᡂ ศ ࡜ ࡋ ࡓ ࡶ ࡢ ࡛ ࠶ ࡾ 㸪 ⅊ ⁐ ⼥ ⅔ ࡛ ⁐ ⼥ ࡋ ࡓ ⅊ ࡀ 㣕 ⅊ ࡜ ࡋ ࡚

ὶ ࢀ ࡚ ࡁ ࡚ ⌫ ≧ ࡢ ࡲ ࡲ จ ᅛ ࡋ 㸪 ఏ ⇕ ⟶ ୖ ࡟ ௜ ╔ 㸪 ሁ ✚ ࡋ ࡓ ࡜ ⪃ ࠼ ࡽ

ࢀ ࡿ 㸬 ࡇ ࢀ ࡽ ࡢ ⢏ Ꮚ ࡢ ࿘ ᅖ ࡟ ࡣ ࢝ ࣝ ࢩ ࢘ ࣒ ࡸ ◲ 㯤 ໬ ྜ ≀ ࡀ 㠃 ≧ ࡟ Ꮡ

ᅾ ࡍ ࡿ ࡀ 㸪 ప ⼥ Ⅼ ࡢ ሷ ࡛ ࠶ ࡿ 㸬  

 

 

 

S S i C  t u b e  s i d e                           E x h a u s t  g a s  s i d e  

( a )  C O M P O  m i c r o g r a p h  o f  a s h .  
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( b )  A l .  

 

   

( c )  S i .  

 

 

2 0 0ȣ m  



151 

 

 

( d )  C a .  

 

 

                            ( e )  S .  

F i g . 4 . 1 5  S E M  i m a g e  o f  s e c t i o n  o f  a d h e r e d  a s h  a n d  A l ,  C a ,  S i ,   

S  d i s t r i b u t i o n  o n  t h e  S S i C  t r a n s f e r  t u b e .  
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4 . 3 . 6 . ( 2 )  ⅊ ࡢ ᛶ ㉁   

Ta b l e  4 . 8 ࡟ ⅊ ࡢ ⺯ ග 㹖 ⥺ ศ ᯒ ⤖ ᯝ ࢆ ♧ ࡋ ࡓ 㸬௜ ╔ ⅊ ࡣ ࢔ ࣝ ࢝ ࣜ 㓟

໬ ≀ ࢆ ྵ ࡴ 㸪 ࢔ ࣝ ࣑ ࢼ 㸪 ࢩ ࣜ ࢝ ࢆ ᡂ ศ ࡜ ࡍ ࡿ ⢊ య ࡛ ࠶ ࡿ 㸬 㓟 ໬ ࢝ ࣝ

ࢩ ࢘ ࣒ C a O ࡢ ኱ 㒊 ศ ࡣ ⅊ ࡢ ሷ ᇶ ᗘ ㄪ ᩚ ࡢ ࡓ ࡵ ῧ ຍ ࡉ ࢀ ࡓ ࡶ ࡢ ࡛ ࠶ ࡿ

࡜ ᛮ ࢃ ࢀ ࡿ 㸬 ఏ ⇕ ⟶ ഃ ࡟ ௜ ╔ ࡋ ࡓ ᐦ ࡞ ⅊ ࡣ 㸪 ␯ ࡛ ࠶ ࡿ ⅊ ࡟ ẚ ࡭ ࢔ ࣝ

࢝ ࣜ ඖ ⣲ ࡀ ከ ࠸ 㸬ࡇ ࢀ ࢆ ΰ ྜ ࡋ ࡓ ⅊ ࡢ J I S ࡟ ‽ ᣐ ࡋ ࡓ ㌾ ໬ Ⅼ 㸪⼥ Ⅼ 㸪

࠾ ࡼ ࡧ ⁐ ὶ Ⅼ ࡣ ࡑ ࢀ ࡒ ࢀ 1 4 5 3 K㸪1 4 8 3 K㸪1 5 0 3 K ࡛ ࠶ ࡿ 㸬ࡋ ࡓ ࡀ ࡗ ࡚ 㸪

⇕ ஺ ᥮ ヨ 㦂 ࢆ ࡋ ࡓ ఩ ⨨ ࡛ ࡢ ⅊ ࡣ ⁐ ⼥ ≧ ែ ࡛ ࡣ ࡞ ࠸ 㸬 ᐦ ࡞ ⅊ ࡢ ᒙ ࡣ 㸪

K 2 O - C a O - S i O 2 ⣔
( 1 8 )㸪 N a 2 O - C a O - S i O 2 ⣔

( 1 9 )≧ ែ ᅗ ࡟ ࡼ ࡿ ࡜ ࡑ ࢀ ࡒ ࢀ

1 3 0 0 K ⛬ ᗘ ࡟ ᾮ ┦ ⥺ ࡀ ࠶ ࡿ ࡇ ࡜ ࠿ ࡽ 㸪 㧗   ࡛ ㌾ ໬ ࡋ ᫆ ࡃ 㸪 ᤼ ࢞ ࢫ ࡢ

  ᗘ ኚ ື 㸪 ᡂ ศ ኚ ື ࠾ ࡼ ࡧ 㐠 ㌿ ୰ ࡟ Ⓨ ⏕ ࡍ ࡿ ⿦ ⨨ ඲ య ࡢ ᚤ ᣺ ື ࡟ ࡼ

ࡾ ඘ ሸ 㸪 ཰ ⦰ ࡀ 㐍 ࢇ ࡔ ࡇ ࡜ ࡟ ࡼ ࡾ ᙧ ᡂ ࡉ ࢀ ࡓ 㸬   

 

 

Ta b l e  4 . 8  C h e m i c a l  c o m p o s i t i o n s  o f  a s h .   

( m a s s % )  

     

 

 

 

 

 

 

 

 

 

 

CaO SiO2 Al2O3 Na2O P2O5 SO3 K2O Balance

Ash of rough 38.0 23.0 16.0 5.2 3.3 2.7 1.0 10.8

Ash of dens 26.0 43.0 8.8 9.0 1.8 0.4 4.0 7.0
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4 . 3 . 6 . ( 3 )  ⅊ ࡢ ⇕ ఏ ᑟ ⋡   

ᑍ ἲ 㔜 㔞 ἲ ࡛   ᐃ ࡋ ࡓ ሢ ≧ ࡢ ⅊ ࡢ ᐦ ᗘ ࡣ ⣙ 7 8 0 k g / m
3 ࡛ ࠶ ࡗ ࡓ ࡇ

࡜ ࠿ ࡽ 㸪⇕ ఏ ᑟ ⋡ ࡣ ⅊ ࢆ 1 0 0 c m
3 ࡢ ࣓ ࢫ ࢩ ࣜ ࣥ ࢲ ࡟ ධ ࢀ ࡚ ࢱ ࢵ ࣆ ࣥ ࢢ

ࡋ 㸪 ྠ ࡌ ⛬ ᗘ ࡢ ᐦ ᗘ ࡟ ࡞ ࡿ ࡼ ࠺ ࡟ ㄪ ᩚ ࡋ ࡚ ㎿ ㏿ ⇕ ఏ ᑟ ⋡   ᐃ ⿦ ⨨ ࡛

  ᐃ ࡋ ࡓ 㸬  ᐃ ⤖ ᯝ 㸪⅊ ࡢ ⇕ ఏ ᑟ ⋡ ࡣ ᐊ   ㏆ ഐ ࠿ ࡽ 1 2 7 0 K ࡲ ࡛ 0 . 0 8

㹼 0 . 1 5 W / ( m࣭ K )࡛ ࠶ ࡗ ࡓ 㸬 ࡇ ࡢ ್ ࡣ ᩿ ⇕ ᮦ ࡜ ྠ ➼ ࡛ ࠶ ࡾ 㸪 ఏ ⇕ ⟶ ࡣ

⅊ ࡢ ௜ ╔ ࡟ ࡼ ࡾ ᩿ ⇕ ᮦ ࡛ そ ࢃ ࢀ ࡓ ࡼ ࠺ ࡞ ≧ ែ ࡟ ࡞ ࡿ ࡓ ࡵ ⇕ ஺ ᥮ ຠ ⋡

ࡣ ప ୗ ࡍ ࡿ 㸬 ࡇ ࡢ ࡇ ࡜ ࡣ F i g . 4 . 1 2 ࡟ ♧ ࡋ ࡓ ᫬ 㛫 ࡢ ⤒ 㐣 ࡟ ᚑ ࠸ ᅇ ཰ ✵

Ẽ   ᗘ ࡀ ప ୗ ࡋ ࡓ ⤖ ᯝ ࢆ ⿬ ௜ ࡅ ࡿ 㸬  
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4 . 3 . 7  ⅊ ࡢ ⭉ 㣗 ᛶ  

4 . 3 . 7 . ( 1 )  ᐇ ᶵ 㞺 ᅖ Ẽ ࡛ ࡢ ⭉ 㣗   

S S i C ఏ ⇕ ⟶ ࡣ 㸪᤼ ࢞ ࢫ   ᗘ ࡀ 1 2 0 0 K ⛬ ᗘ ௨ ୗ ࡛ ࠶ ࢀ ࡤ ⅊ ࡟ ࡼ ࡿ ⭉

㣗 ࡣ ᑠ ࡉ ࠸ ࡀ 㸪 ⅊ ࡢ ㌾ ໬ Ⅼ   ᗘ ௜ ㏆ ࡛ ࡣ ⭉ 㣗 ࡉ ࢀ ࡿ ࡇ ࡜ ࠿ ࡽ ᐇ ᶵ 㞺

ᅖ Ẽ ࡛ ⪏ ⭉ 㣗 ᛶ ࢆ ☜ ㄆ ࡋ ࡓ 㸬F i g . 4 . 1 6 ࡟ ࢞ ࢫ ໬ ⁐ ⼥ ⅔ ୗ ὶ ഃ ⣙ 1 4 5 0 K

ࡢ ↮ 㐨 ࡟ 4 8 ᫬ 㛫 ᭀ 㟢 ࡋ ࡓ S S i C ఏ ⇕ ⟶ ࡢ ෆ ⾲ 㠃 ࡜ እ ⾲ 㠃 ࡢ S E M ീ ࢆ

♧ ࡋ ࡓ 㸬 F i g . 4 . 1 6 ( a ࡣ( ෆ ⾲ 㠃 㸪 ( b ࡣ( እ ⾲ 㠃 ࡛ ࠶ ࡿ 㸬 ࢫ ࢣ ࣮ ࣝ ࣂ ࣮ ࡣ

2 0 ȝ m ࡛ ࠶ ࡿ 㸬ෆ ⾲ 㠃 ࡣ ↝ ⤖ ࡉ ࢀ ࡓ ┤ ᚋ ࡢ ࡼ ࠺ ࡞ ග ἑ ࡀ ࠶ ࡾ ⭉ 㣗 ࡣ ㄆ

ࡵ ࡽ ࢀ ࡞ ࠸ 㸬 ୍ ᪉ 㸪 እ ⾲ 㠃 ࡛ ࡣ ஧ ḟ ⢏ Ꮚ ࡛ ࠶ ࡿ 㐀 ⢏ ⢊ ࡢ ⢏ ⏺ ࡀ ᤼ ࢞

ࢫ ࡟ ࡼ ࡾ ⭉ 㣗 ࡉ ࢀ ࡚ ࠸ ࡿ ࡇ ࡜ ࡀ ㄆ ࡵ ࡽ ࢀ ࡿ 㸬  

  

 

              ( a )  I n n e r  s u r f a c e  o f  t u b e .  

        

        ( b )  O u t e r  s u r f a c e  o f  t u b e .  

F i g . 4 . 1 6  S E M  i m a g e  o f  S S i C  a f t e r  e x p o s e d  t o  1 4 5 0 K  

e x h a u s t  g a s  f o r  4 8  h o u r s .  
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4 . 3 . 7 . ( 2 )  ⁐ ⼥ ⅊ ࡟ ࡼ ࡿ S S i C ᮦ ᩱ ࡢ ⁐ ᦆ  

S S i C ᮦ ᩱ ࡣ 㸪࢔ ࣝ ࢝ ࣜ ࡸ ࣁ ࣟ ࢤ ࣥ ᡂ ศ ࢆ ྵ ࡴ ⁐ ⼥ ⅊ ࡟ ࡼ ࡾ ⁐ ᦆ ࡉ

ࢀ ࡿ ࡇ ࡜ ࡣ ▱ ࡽ ࢀ ࡚ ࠸ ࡿ ࡀ 㸪 ⁐ ⼥ ࡋ ࡓ ୍ ⯡ ᗫ Რ ≀ ↝ ༷ ⅊ ࡟ ࡼ ࡿ ⁐ ᦆ

㏿ ᗘ ࢆ ㄪ ᰝ ࡋ ࡓ 㸬  

ヨ 㦂 ࡣ Ta b l e  4 . 9 ࡟ ♧ ࡋ ࡓ ↝ ༷ ⅊ ࢆ S S i C ヨ ᩱ 5 0ェ 5 0ェ 1 0 m m ࡢ ୖ

࡟ ࡯ ࡰ ᆒ ୍ ࡟ 4 0 m g / c m
2 ࡟ ࡞ ࡿ ࡼ ࠺ ࡟ ㍕ ࡏ 㸪 ࡇ ࢀ ࢆ ᡤ ᐃ   ᗘ ࡛ 2 4 ᫬

㛫 ⇕ ฎ ⌮ ࡋ ࡓ 㸬 ⇕ ฎ ⌮ ᚋ ࡟ ヨ ᩱ ⾲ 㠃 ࡟ ௜ ╔ ࡋ ࡓ ⅊ ⁐ ⼥ ≀ ࡣ ᘮ 㓟 Ὑ ί

࡛ 㝖 ཤ ࡋ ࡓ 㸬 ⁐ ᦆ 㔞 ࡣ ⇕ ฎ ⌮ ๓ ᚋ ࡢ 㔜 㔞 ኚ ໬ ࢆ ໬ Ꮫ ኳ ⛗ ࡛ ⢭ ⛗ ࡋ ࡚

ồ ࡵ ࡓ 㸬 ⁐ ᦆ ῝ ࡉ ࡣ 㔜 㔞 ኚ ໬ ࢆ ⅊ ࡜ ࡢ ᥋ ゐ 㠃 ✚ ࡛ ᚎ ࡋ ࡚ ⟬ ฟ ࡋ ࡓ 㸬

ࣈ ࣛ ࣥ ࢡ ࢸ ࢫ ࢺ ࡜ ࡋ ࡚ 㸪 ⅊ ࢆ ㍕ ࡏ ࡞ ࠸ ≧ ែ ࡢ S S i C ヨ ᩱ ࢆ ྠ ᵝ ࡟ ᡤ

ᐃ   ᗘ 㸪 ᡤ ᐃ ᫬ 㛫 ⇕ ฎ ⌮ ࡋ 㸪 ᘮ 㓟 Ὑ ί ࡋ ࡓ ᚋ ⢭ ⛗ ࡋ ࡓ 㸬  

ヨ 㦂 ࡟ ⏝ ࠸ ࡓ ⅔ ࢆ F i g . 4 . 1 7 ࡟ ♧ ࡋ ࡓ 㸬 ヨ 㦂 ⏝ ࡢ ⅔ య ࡣ ⪏ ⅆ ࣞ ࣥ ࢞

࡛ ⤌ ࡳ ❧ ࡚ ࡽ ࢀ 㸪 ⇕ ※ ࡟ ࡣ Წ ≧ Ⅳ ໬ ࡅ ࠸ ⣲ 㟁 Ẽ Ⓨ ⇕ య ࢆ ⏝ ࠸ ࡓ 㸬

F i g . 4 . 1 7 ࡟ ࡣ ḟ 㡯 4 . 3 . 7 . ( 3 ࡢ( ヨ 㦂 ࡢ ࡓ ࡵ ⅔ య ࡀ 1 0まഴ ᩳ ࡋ ࡚ ࠸ ࡿ ≧

ែ ࢆ ♧ ࡋ ࡓ ࡀ 㸪 ᮏ 㡯 ࡢ ヨ 㦂 ࡣ Ỉ ᖹ ≧ ែ ࡛ ᐇ ᪋ ࡉ ࢀ ࡓ 㸬  

   

ヨ 㦂 ⅔  

እ ᑍ  :   4 1 5ェ 4 0 0ェ 6 4 0 m m  ( J I S つ ᱁ ୪ ᆺ ⪏ ⅆ ࣞ ࣥ ࢞ ࡛ ⤌ ❧ )   

⇕ ※  :  ȭ 1 2ェ 3 0 0ェ 6 0 0 m m Წ ≧ Ⅳ ໬ ࡅ ࠸ ⣲ Ⓨ ⇕ య ࢸ) ࢥ ࣛ ࣥ

ࢲ ࣒ Ⓨ ⇕ య ) 2 4 ᮏ ࢆ ஭ ᱆ ≧ ࡟ 㓄 ⨨  

     :  ヨ ᩱ ࡢ እ ഃ 㠃 ࡟ R ⇕ 㟁 ᑐ ࢆ タ ⨨  

 

ヨ 㦂 ⤖ ᯝ ࢆ F i g . 4 . 1 8 ࡟  ♧ ࡋ ࡓ 㸬 S S i C ᮦ ᩱ ࡢ ⁐ ᦆ ࡣ 1 2 5 0 K ௨ ୖ ࡢ

⇕ ฎ ⌮   ᗘ ࡛ 㢧 ⴭ ࡟ ㄆ ࡵ ࡽ ࢀ ࡿ ࡀ 㸪 ࡑ ࢀ ௨ ୗ ࡛ ࡣ ࡯ ࡜ ࢇ ࡝ ㄆ ࡵ ࡽ ࢀ

࡞ ࠸ 㸬ᐇ ᶵ ⅔ ࡛ ࡣ 㸪⅊ ࡢ ㌾ ໬ Ⅼ 1 4 5 3 K ௨ ୗ ࡛ ࡶ ⭉ 㣗 ࢆ ⏕ ࡌ ࡓ ࡇ ࡜ ࠿

ࡽ 㸪 ఏ ⇕ ⟶ ࡟ ௜ ╔ ࡋ ࡓ ⅊ ࡢ 㝖 ཤ ࡣ 㸪 ⇕ ஺ ᥮ ຠ ⋡ ࡢ ప ୗ ᑐ ⟇ ࡢ ௚ ࡟ ⁐

ᦆ ᑐ ⟇ ࡢ ┠ ⓗ ࡛ ࡶ ᚲ せ ࡛ ࠶ ࡿ 㸬  
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F i g . 4 . 1 7  T e s t  f u r n a c e  o f  m o l t e n  a s h  o f  w a s t e .  

 

 

   

  F i g . 4 . 1 8  C o r r o s i o n  d e p t h  o f  S S i C  a n d  h e a t  t r e a t e d  t e m p e r a t u r e .  
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4 . 3 . 7 . ( 3 )  ὶ ື ࡍ ࡿ ⁐ ⼥ ⅊ ࡟ ࡼ ࡿ S S i C ᮦ ᩱ ࡢ ⁐ ᦆ  

⁐ ᦆ ヨ 㦂 ࡛ ࡣ 㸪 ⅊ ࡣ ཯ ᛂ ⣔ ࡟ ᪂ つ ࡟ ౪ ⤥ ࡉ ࢀ ⥆ ࡅ ࡞ ࠸ ࡜ ヨ ᩱ ࡜ ࡢ

཯ ᛂ ࡟ ࡼ ࡾ ⤌ ᡂ ࡀ ኚ ໬ ࡋ ࡚ ࡋ ࡲ ࠸ ⁐ ᦆ ≧ ែ ࢆ ṇ ࡋ ࡃ ᢕ ᥱ ࡛ ࡁ ࡞ ࡃ ࡞

ࡿ 㸬 ࡇ ࡢ ࡓ ࡵ ᮏ ヨ 㦂 ࡣ S S i C ᮦ ᩱ ࡢ ⅔ ⰺ ⟶ ࢆ ヨ ᩱ ࡜ ࡋ 㸪 ⅔ ⰺ ⟶ ෆ ࡟

ࡣ ᖖ ࡟ ᪂ ࡋ ࠸ ⅊ ࢆ ౪ ⤥ ࡛ ࡁ ࡿ ⁐ ⼥ ヨ 㦂 ⅔ ࡛ ᐇ ᪋ ࡋ ࡓ 㸬 ᴫ ␎ ᅗ ࢆ

F i g . 4 . 1 9 ࡟ ♧ ࡋ ࡓ 㸬   ᗘ ࡣ ⅔ ⰺ ⟶ እ ഃ ࡟ タ ⨨ ࡋ ࡓ R ⇕ 㟁 ᑐ ࡛     ࡋ

ࡓ 㸬 ࡇ ࡢ ⅔ ᚰ ⟶ ࡣ ヨ 㦂 ẖ ࡟ ⁐ ᦆ 㔞   ᐃ ࡢ ࡓ ࡵ ◚ ቯ ᳨ ᰝ ࡟ ౪ ࡉ ࢀ ࡓ 㸬  

J I S ࡟ ‽ ᣐ ࡋ ࡓ ⅊ ࡢ ⁐ ὶ Ⅼ ࡣ ⣙ 1 5 0 0 K ࡛ ࠶ ࡿ ࡀ 㸪 ࡇ ࡢ   ᗘ ࡛ ࡣ ⁐ ⼥

⅊ ࡀ ὶ ࢀ 㞴 ࠿ ࡗ ࡓ ࡇ ࡜ ࠿ ࡽ 㸪 ヨ 㦂   ᗘ ࡣ ᐇ ᶵ ࡢ ⅊ ⁐ ⼥ ⅔ ෆ   ᗘ ࡛ ࠶

ࡿ 1 7 7 0 K ࡜ ࡋ ࡓ 㸬 ࡲ ࡓ ⁐ ⼥ ࡋ ࡓ ⅊ ࡀ ὶ ࢀ ᫆ ࠸ ࡼ ࠺ ࡟ ⅔ య ࢆ ⣙ 1 0 °ഴ

ᩳ ࡉ ࡏ ࡓ 㸬 ⅊ ࡢ ౪ ⤥ ࡣ 㣕 ᩓ 㜵 Ṇ ࡢ ࡓ ࡵ ࣌ ࣞ ࢵ ࢺ ࢆ ᡂ ᙧ ࡋ ࡚ ⾜ ࠸ 㸪 ౪

⤥ ㏿ ᗘ ࡣ ୗ グ ࡟ ♧ ࡋ ࡓ ձ 㸪 ղ 㸪 ࠾ ࡼ ࡧ ճ ࡜ ࡋ ࡓ 㸬 ୍ ᮏ ࡢ ⅔ ⰺ ⟶ ࡛ ࡢ

ヨ 㦂 ᫬ 㛫 ࡣ 㐃 ⥆ ࡛ 3 ᫬ 㛫 ࡛ ࠶ ࡿ 㸬  

 

⅔ ⰺ ⟶ ヨ ᩱ :  S S i C ᮦ ᩱ   

ᑍ ἲ ȭ 3 7ェȭ 2 9ェ 7 0 0 m m  

୍ ⯡ ᗫ Რ ≀ ↝ ༷ ⅊ ࣌ ࣞ ࢵ ࢺ :ȭ 1 0ェ 5 m m㸪 㔜 ࡉ ⣙ 4 . 5 g  

౪ ⤥ ㏿ ᗘ  :  ձ 4 . 5 g / 6 ศ 㸪 ղ 4 . 5 g / 3 ศ 㸪 ճ 1 3 . 5 g / 3 ศ  

T a b l e  4 . 9 ࡟ ⁐ ⼥ ๓ ᚋ ࡢ ⅊ ࡢ ໬ Ꮫ ศ ᯒ ⤖ ᯝ ࢆ ♧ ࡋ ࡓ 㸬⁐ ⼥ ๓ ࡢ ⅊ ࡣ

࢔ ࣝ ࢝ ࣜ 㸪 ࣁ ࣟ ࢤ ࣥ ࠾ ࡼ ࡧ Ⅳ ⣲ ඖ ⣲ ࢆ ከ ࡃ ྵ ࡴ ࡀ 㸪 ⁐ ⼥ ᚋ ࡢ ศ ᯒ ್

ࡀ ప ୗ ࡋ ࡓ ࡇ ࡜ ࠿ ࡽ 㸪 ࡇ ࢀ ࡽ ࡢ ඖ ⣲ ࡣ ⁐ ⼥ ᫬ ࡟ ᥹ ᩓ 㸪 ࠶ ࡿ ࠸ ࡣ ᮍ ⇞

ศ ࡢ Ⅳ ⣲ ࡣ ⇞ ↝ ࡋ ࡓ 㸬⁐ ⼥ ᚋ ࡢ ⅊ ࡟ ࢩ ࣜ ࢝ 㔞 ࡢ ቑ ຍ ࡀ ㄆ ࡵ ࡽ ࢀ ࡿ ࡀ 㸪

S S i C ⅔ ⰺ ⟶ ࡢ ⁐ ᦆ ࡢ ᙳ 㡪 ࡀ ࠶ ࡿ 㸬 S S i C ⅔ ⰺ ⟶ ࡢ ⁐ ᦆ ࡣ 㸪 ⅊ ࣌ ࣞ ࢵ

ࢺ ࡀ ౪ ⤥ ࡉ ࢀ ࡓ ఩ ⨨ ࠿ ࡽ 㸪㌾ ໬ 㸪⁐ ⼥ ࡍ ࡿ ࡲ ࡛ ࡢ 㛫 ⣙ 1 0 0 m m ࡢ ⠊ ᅖ

ࡀ ኱ ࡁ ࠸ 㸬 F i g . 4 . 2 0 ࡟ ヨ 㦂 ձ ࡜ ճ ࡛ ࡢ ⁐ ᦆ ࡢ ኱ ࡁ ࠸ 㒊 ศ ࡢ ᾐ ₕ ⟶ ᩿

㠃 ࢆ ♧ ࡋ ࡓ 㸬 ⁐ ᦆ ࡣ ᴫ ࡡ ⁐ ⼥ ⅊ ࡢ ὶ ࢀ ࡓ ⅔ ⰺ ⟶ ᩿ 㠃 ࡢ ୗ ഃ ⣙ 1 / 3 ࡢ

⠊ ᅖ ࡛ ㄆ ࡵ ࡽ ࢀ ࡿ 㸬 ⁐ ᦆ 㔞 ࡣ ⅔ ⰺ ⟶ ෆ ᚄ ࡢ ᣑ ኱ ࡉ ࢀ ࡓ ῝ ࡉ ࡜ ࡋ ࡓ 㸬

⁐ ᦆ ㏿ ᗘ ࢆ T a b l e  4 . 1 0 ࡟ ♧ ࡋ ࡓ 㸬 ⁐ ᦆ ㏿ ᗘ ࡣ ⅊ ࡢ ᢞ ධ 㔞 ࡟ ࡯ ࡰ ẚ ౛

ࡋ 㸪 ౪ ⤥ ࡉ ࢀ ࡓ ⅊ ࡢ 㔞 ࡢ ከ ࠸ ճ ࡢ ሙ ྜ 㸪 ⁐ ᦆ 㔞 ࡣ 3 ᫬ 㛫 ࡢ ヨ 㦂 ࡛
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1 . 3 m m ࡛ ࠶ ࡿ 㸬   

⁐ ⼥ ⅊ ࡣ ⅔ ⰺ ⟶ ࡢ ෆ 㠃 ୗ ഃ ࡢ ⣙ 1 / 3 ࡢ ⠊ ᅖ ࢆ ὶ ୗ ࡋ ࡓ ࡇ ࡜ ࡀ ほ ᐹ

ࡉ ࢀ ࡓ ࡇ ࡜ ࠿ ࡽ 㸪S S i C ⅔ ⰺ ⟶ ࢆ ᐇ ᶵ ࡟ ⏝ ࠸ ࡓ ሙ ྜ ࡢ ᑑ ࿨ ࢆ ᥎   ࡋ ࡓ 㸬

᭱ ࡶ ⁐ ᦆ 㔞 ࡢ ኱ ࡁ ࠿ ࡗ ࡓ ヨ 㦂 ճ ࡛ ⅔ ⰺ ⟶ ෇ ࿘ ࡢ ༢ ఩ ᫬ 㛫 㸪 ᭷ ຠ ෇ ࿘

㛗 1 m ࠶ ࡓ ࡾ ࡢ ⁐ ⼥ ⅊ ㏻ 㐣 㔞 ࡣ ୗ ᘧ ࡛ ⾲ ࢃ ࡍ ࡇ ࡜ ࡀ ࡛ ࡁ ࡿ 㸬  

 

{ 0 . 0 1 3 5ェ ( 6 0 / 3 ) } / { 0 . 0 2 9ェ 3 . 1 4ェ ( 1 2 0 / 3 6 0 ) } = 8 . 8 9  k g / ( h࣭ m )  

࣌ ࣞ ࢵ ࢺ 㔜 㔞 : 0 . 0 1 3 5 k g  ᢞ ධ ᅇ ᩘ : 6 0 ศ / 3 ศ   

⅔ ⰺ ⟶ ࡢ ᚄ :ȭ 0 . 0 2 9 m   ⁐ ᦆ ⠊ ᅖ : 1 2 0ま / 3 6 0ま  

 

ࡇ ࡢ ィ ⟬ ⤖ ᯝ ࡣ 㸪ᐇ ᶵ ࡟ ┤ ᚄ ⣙ 1 m ࡢ S S i C ⅔ ⰺ ⟶ ࢆ ⏝ ࠸ ࡓ ሙ ྜ ࡣ

2 4 ᫬ 㛫 ᙜ ࡓ ࡾ ⣙ 2 0 0 k g ࡢ ⅊ ࢆ ⁐ ⼥ ࡍ ࡿ ࡇ ࡜ ࡀ ࡛ ࡁ ࡿ ࡇ ࡜ ࢆ ⾲ ࡍ 㸬୍

᪉ 㸪⁐ ᦆ ㏿ ᗘ ࡀ 0 . 4 m m / h ࡛ ࠶ ࡿ ࠿ ࡽ 㸪 S S i C ⅔ ⰺ ⟶ ࡢ ⫗ ཌ ࡀ 1 0 m m ࡛

࠶ ࢀ ࡤ ᑑ ࿨ ࡣ ࠾ ࡼ ࡑ ୍ ᪥ ࡛ ࠶ ࡿ 㸬ࡼ ࡗ ࡚ ᖖ ࡟   ᗘ 1 7 7 4 K ࡢ ᪂ ࡋ ࠸ ⁐

⼥ ⅊ ࡜ ᥋ ゐ ࡍ ࡿ 㒊 ఩ ࡛ ࡢ ఏ ⇕ ⟶ ⏝ ㏵ ࡬ ࡢ S S i C ᮦ ᩱ ࡢ 㐺 ⏝ ࡣ ᅔ 㞴 ࡛

࠶ ࡿ ࡜ ุ ᩿ ࡉ ࢀ ࡿ 㸬  

 

 

T a b l e  4 . 9  C h e m i c a l  c o m p o s i t i o n s  o f  a s h  o n  c o r r o s i o n  t e s t .   

(  m a s s % )  

 

 

 

 

 

 

 

 

Na2O K2O Cl CaO SiO2 Al2O3 C P2O5 SO3 Fe2O3 MgO TiO2

   Before melting 7.9 4.2 13.0 39.0 8.3 8.3 4.7 4.1 3.3 3.2 1.8 1.1

   After melting 2.6 0.8 0.1 30.0 45.0 11.0 * 1.3 0.1 3.1 2.7 2.6
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                                 A n g l e  v a l u e  1 0ま  

F i g . 4 . 1 9  S c h e m a t i c  i l l u s t r a t i o n  o f  t e s t i n g  f u r n a c e  b y  m o l t e n  a s h .  

 

 

 

 

 

 

 

M e l t i n g  z o n e  

R u n  o f f  

P e l l e t  

S S i C  s a m p l e  t u b e  1 7 7 0 K  

S i C  h e a t e r  

F u r n a c e  
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( a ) S a m p l eձ  :  4 . 5 g / 6 - m i n u t e s  o f  a s h .  

 

           

( b ) S a m p l eճ  :  1 3 . 5 g / 3 - m i n u t e s  o f  a s h .  

F i g . 4 . 2 0  C r o s s  s e c t i o n  o f  S S i C  r e a c t i o n  t u b e   

a f t e r  c o r r o s i o n  t e s t .  

 

 

T a b l e  4 . 1 0  C o r r o s i o n  r a t e  o f  S S i C  b y  m o l t e n  a s h .   

       

Temperature Input ash Rate of corrosion

(K) (g/minutes) (mm/h)

䐟 1770 4.5/6 0.1

䐠 1770 4.5/3 0.2

䐡 1770 13.5/3 0.4

0 . 2 m m  

1 . 3 m m  

I n s c r i b e d  c i r c l e  

I n s c r i b e d  c i r c l e  



161 

 

4 . 4  ⅊ 㝖 ཤ ヨ 㦂  

4 . 4 . 1 ࢧ ࣥ ࢻ ࣈ ࣛ ࢫ ࢺ ࡟ ࡼ ࡿ ࢲ ࣓ ࣮ ࢪ ㄪ ᰝ  

S S i C ఏ ⇕ ⟶ ഃ ࡟ ௜ ╔ ࡋ ࡓ ⅊ ࡢ ␯ ࡛ ࠶ ࡿ 㒊 ศ ࡣ ᅽ ຊ 0 . 5 M P a ⛬ ᗘ ࡢ

ᅽ ⦰ ✵ Ẽ ࡢ ᄇ ᑕ ࡛ 㝖 ཤ ࡛ ࡁ ࡿ ࡀ 㸪ᐦ ࡞ ⅊ ࡢ ᒙ ࡣ ᐜ ᫆ ࡟ 㝖 ཤ ࡛ ࡁ ࡞ ࠸ 㸬

ࡇ ࡢ ࡓ ࡵ ࢧ ࣥ ࢻ ࣈ ࣛ ࢫ ࢺ ࡟ ࡼ ࡿ 㝖 ཤ ࢆ ヨ ࡳ ࡓ 㸬 ண ࡵ R a  0 . 3 6 ȝ m ࡟ ◊

☻ ࡋ ࡓ S S i C ヨ ᩱ 5 0 × 5 0 × 5 m m ࢆ ᡤ ᐃ ࡢ ᮲ ௳ ࡛ ࢧ ࣥ ࢻ ࣈ ࣛ ࢫ ࢺ ฎ ⌮ ࡋ 㸪

࣑ ࢶ ࢺ ࣚ 〇 S u r f t e s t  S J - 3 5 0 ࡛ 㠃 ⢒ ࡉ ࢆ   ᐃ ࡋ ࡚ ᦆ യ ⛬ ᗘ ࢆ ᳨ ウ ࡋ ࡓ

ᚋ 㸪 ᐇ ᶵ ࡟ タ ⨨ ࡉ ࢀ ࡓ ఏ ⇕ ⟶ ࢆ ࢧ ࣥ ࢻ ࣈ ࣛ ࢫ ࢺ ฎ ⌮ ࡋ ࡓ 㸬  

ヨ 㦂 ࡛ ࡣ ◊ ᤲ ᮦ ࡟ ⣙ ȭ 0 . 1 5 m m ▼ Ⅳ ࢫ ࣛ ࢢ 㸪ȭ 0 . 2 m m Ⅳ ໬ ࡅ ࠸ ⣲ ⢊ 㸪

ȭ 0 . 4 5 m m ࢔ ࣝ ࣑ ࢼ ⢊ 㸪 ȭ 0 . 6 0 m m ⌛ ◁ 㸪 ȭ 0 . 2 m m ࢞ ࣛ ࢫ ࣅ ࣮ ࢬ ཬ ࡧ

0 . 7 m m ࢫ ࢳ ࣮ ࣝ ࢢ ࣜ ࢵ ࢺ ࢆ ⏝ ࠸ 㸪 ✵ Ẽ ᅽ 0 . 5 M P a ࡛ 2 5 0 m m 㞳 ࢀ ࡓ ఩

⨨ ࠿ ࡽ ࣈ ࣛ ࢫ ࢺ ࣀ ࢬ ࣝ ゅ ᗘ 9 0 ࡜° 4 5 °࡛ ࣈ ࣛ ࢫ ࢺ ฎ ⌮ ࡋ ࡓ 㸬ࣈ ࣛ ࢫ ࢺ

ࣀ ࢬ ࣝ ࡢ ⛣ ື ࡣ ㏿ ᗘ 0 . 0 2 m / s ࡢ ሙ ྜ ࡜ 㸪೵ Ṇ ≧ ែ ࡛ 3 0 ⛊ 㛫 ࣈ ࣛ ࢫ ࢺ

ࡋ ࡓ ሙ ྜ ࡜ ࢆ ẚ ㍑ ࡋ ࡓ 㸬 ヨ 㦂 ࡢ ᴫ ␎ ᅗ ࢆ F i g . 4 . 2 1 ࡟ ♧ ࡋ 㸪 ⤖ ᯝ ࢆ

Ta b l e  4 . 1 1 ࡟ ♧ ࡋ ࡓ 㸬  

ࡇ ࡢ ⤖ ᯝ 㸪 ▼ Ⅳ ࢫ ࣛ ࢢ ࡀ S S i C ᮦ ᩱ ࡟ ୚ ࠼ ࡿ ᦆ യ ࡀ ᑠ ࡉ ࡃ 㸪 㠃 ⢒

ࡉ ࡣ ᭱ ࡶ ⢒ ࡟ ࡞ ࡗ ࡓ ࣈ ࣛ ࢫ ࢺ ゅ ᗘ 9 0 °࡛ ೵ Ṇ ≧ ែ ࡢ ሙ ྜ ࡛ ࡶ R a ್ ࡣ

0 . 4 1 ȝ m ࡛ ࠶ ࡿ 㸬◊ ᤲ ᮦ ࡜ ࡋ ࡚ ࡢ ▼ Ⅳ ࢫ ࣛ ࢢ ࡣ 㸪⅔ ෆ ࡟ ᄇ ᑕ ࡉ ࢀ ࡓ ᚋ

࡟ ↝ ༷ ⅊ ࡜ ྠ ᵝ ࡟ ฎ ⌮ ࡍ ࡿ ࡇ ࡜ ࡀ ࡛ ࡁ ࡿ ฼ Ⅼ ࡣ ࠶ ࡗ ࡓ ࡀ 㸪 ◊ ᤲ ᮦ ࡜

ࡋ ࡚ ኱ 㔞 ࡟ ㄪ ᩚ ࡍ ࡿ ࡇ ࡜ ࡀ ᅔ 㞴 ࡛ ࠶ ࡗ ࡓ 㸬 ࡇ ࡢ ࡓ ࡵ ᐇ ᶵ ヨ 㦂 ࡛ ࡣ 㸪

▼ Ⅳ ⅔ ⇞ ↝ ⅊ ࡢ 㝖 ཤ ࡞ ࡝ ࡟ ౑ ⏝ ࡉ ࢀ ࡚ ࠸ ࡿ Ⅳ ໬ ࡅ ࠸ ⣲ ⢊ ࢆ ⏝ ࠸ ࡓ 㸬   
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F i g . 4 . 2 1  S c h e m a t i c  i l l u s t r a t i o n  o f  s a n d b l a s t i n g .  

 

 

Ta b l e 4 . 1 1  R o u g h n e s s  o f  S S i C  a f t e r  s a n d b l a s t i n g .  

 

A i r  p r e s s u r e :  0 . 5 M P a         

D i s t a n c e :  2 5 0 m m  

R o u g h n e s s  o f  s a m p l e  b e f o r e  s a n d b l a s t i n g :  R a = 0 . 3 6ȣ m  

 

 

 

 

 

 

䚷 90° Blast nozle

䚷䚷䚷45°

Traverse

250mm

      Sand

  SSiC sample

Speed of Angle of      Roughness䚷Ra(ȝm)
䚷䚷traverse 䚷䚷䚷blast

Coal slag SiC sand Al2O3 sand Silica sand Glass beads Steel grit

m/s   ° 䃥0.15mm䃥0.2mm 䃥0.45mm䃥0.60mm䃥0.20mm䃥0.70mm

0 90 0.41 4.08 1.95 0.86 0.62 0.32

0 45 0.38 1.97 1.05 1.83 0.69 0.49

0.02 90 0.40 2.18 0.91 0.4 0.52 0.55

0.02 45 0.39 0.72 0.79 0.51 0.57 0.42
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4 . 4 . 2  ఏ ⇕ ⟶ ࡢ ࣈ ࣛ ࢫ ࢺ ฎ ⌮  

ఏ ⇕ ⟶ ࡢ ௜ ╔ ⅊ 㝖 ཤ ヨ 㦂 ࡟ ࡣ ┤ ᚄ ⣙ 0 . 2 m m ࡢ Ⅳ ໬ ࡅ ࠸ ⣲ ⢊ ࢆ ◊ ᤲ

ᮦ ࡜ ࡋ ࡚ ⏝ ࠸ ࡓ 㸬ࣈ ࣛ ࢫ ࢺ ᮲ ௳ ࡣ 㸪↮ 㐨 ෆ   ᗘ ࡀ 㧗 ࠸ ࡇ ࡜ ࢆ ⪃ ៖ ࡋ 㸪

ண ഛ ヨ 㦂 ࡟ ẚ ࡭ ࣈ ࣛ ࢫ ࢺ ࣀ ࢬ ࣝ ࡢ ㏿ ᗘ ࢆ ୖ ࡆ ࡚ 0 . 0 5 m / s ࡜ ࡋ ࡓ 㸬 ฎ

⌮ ࡣ ఏ ⇕ ⟶ ࠿ ࡽ 2 0 0 m m 㞳 ࢀ ࡓ ఩ ⨨ ࠿ ࡽ ఏ ⇕ ⟶ ࡢ 㛗 ࡉ ᪉ ྥ ࡟ ἢ ࡗ ࡚ 1

ᅇ ࣈ ࣛ ࢫ ࢺ ฎ ⌮ ࡋ ࡓ 㸬   

⤖ ᯝ ࢆ F i g . 4 . 2 2 ࡟ ♧ ࡋ ࡓ 㸬 F i g . 4 . 2 2 ( a ࡣ( ࢧ ࣥ ࢻ ࣈ ࣛ ࢫ ࢺ ฎ ⌮ ๓ ࡢ

⅊ ࡀ ௜ ╔ ࡋ ࡓ ఏ ⇕ ⟶ ࡢ ᵝ Ꮚ ࡛ ࠶ ࡾ 㸪( b ࡣ( ࣈ ࣛ ࢫ ࢺ ࡉ ࢀ ࡓ ᚋ ࡢ ఏ ⇕ ⟶

ࡢ 㠃 ࢆ ♧ ࡍ 㸬 ࣈ ࣛ ࢫ ࢺ ࡟ ࡼ ࡿ ◊ ᤲ ᮦ ࡢ ᙜ ࡓ ࡽ ࡞ ࠸ ୗ ഃ ࡢ 㠃 ࡢ ⅊ 㝖 ཤ

ࡣ ༑ ศ ࡜ ࡣ ゝ ࠼ ࡞ ࠸ ࡀ 㸪 ୖ ഃ ࡢ 㠃 ࡣ 1 ᅇ ࡢ ฎ ⌮ ࡛ ᐦ ࡞ ⅊ ࡢ ᒙ ࡲ ࡛ 㝖

ཤ ࡉ ࢀ 㸪 ࣈ ࣛ ࢫ ࢺ ฎ ⌮ ࡟ ࡼ ࡿ 㝖 ཤ ຠ ᯝ ࡀ ㄆ ࡵ ࡽ ࢀ ࡿ 㸬 ࡇ ࡢ ࣈ ࣛ ࢫ ࢺ

᮲ ௳ ࡛ ࡣ 㸪 Ta b l e  4 . 1 1 ࡟ ♧ ࡋ ࡓ ࡼ ࠺ ࡟ ึ ᮇ ࡢ 㠃 ⢒ ࡉ R a  0 . 3 6 ȝ m ࡀ R a  

2 . 1 8 ȝ m ࡟ ⢒ ࡃ ࡞ ࡿ ⛬ ᗘ ࡛ ࠶ ࡿ ࡇ ࡜ ࠿ ࡽ 㸪ఏ ⇕ ⟶ ࡢ ᑑ ࿨ ࡬ ࡢ ᙳ 㡪 ࡣ ࡯

࡜ ࢇ ࡝ ࡞ ࡃ ⧞ ࡾ ㏉ ࡋ ࡢ ࣈ ࣛ ࢫ ࢺ ฎ ⌮ ࡀ ྍ ⬟ ࡛ ࠶ ࡿ 㸬ᅗ ( b )࡛ ఏ ⇕ ⟶ ୰

ኸ 㒊 ࡟ 㒊 ศ ⓗ ࡟ ṧ ࡗ ࡓ ⅊ ࡣ 㸪 㝖 ཤ ຠ ᯝ ࢆ ☜ ㄆ ࡍ ࡿ ࡓ ࡵ ࣈ ࣛ ࢫ ࢺ ฎ ⌮

ࢆ ୰ ᩿ ࡋ ࡓ 㒊 ศ ࡛ ࠶ ࡿ 㸬ᑦ 㸪 F i g . 4 . 2 2 ( a ࡟( ♧ ࡋ ࡓ ᭱ ୗ ẁ ࡢ S S i C ఏ ⇕

⟶ ࡣ ሁ ✚ ࡋ ࡓ ⅊ ࡟ ᇙ ࡶ ࢀ ࡓ ࡓ ࡵ 㸪 ᥀ ࡾ ฟ ࡋ ࡓ 㸬  
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( a )  B e f o r e  s a n d b l a s t i n g .  

 

 

                 ( b )  A f t e r  s a n d b l a s t i n g .  

F i g . 4 . 2 2  C o m p a r i s o n  o f  e f f e c t  b e f o r e  a n d  a f t e r  s a n d b l a s t i n g .   

 

 

A r e a  o f  s a n d b l a s t i n g  

N o z z l e  o f  s a n d b l a s t i n g  

H e a t  r e s i s t a n t  c a s t  s t e e l  

N o z z l e  o f  s a n d b l a s t i n g  
T h e r m o  c o u p l e  

A r e a  o f  s a n d b l a s t i n g  
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4 . 5 ⪃ ᐹ  

4 . 5 . 1 ά ᛶ Ẽ Ἳ ᰾ ࡟ ࡘ ࠸ ࡚  

0 . 2 5㹼 0 . 4 5 M P a ࡢ 㣬 ࿴ Ỉ ⵨ Ẽ ࡛ ࡢ ⇕ ஺ ᥮ ヨ 㦂 ࡛ ࡣ 㸪 Ỉ ୰ ࡟ ᾐ ₕ ࡉ

ࢀ ࡓ S S i C ఏ ⇕ ⟶ ⾲ 㠃 ࡣ Ẽ Ἳ ࡢ Ⓨ ⏕ ࡟ ࡼ ࡾ Ἓ 㦐 ≧ ែ ࢆ ࿊ ࡋ ࡓ 㸬

F i g . 4 . 2 3 ࡟ S S i C ఏ ⇕ ⟶ ࡢ ( a )⾲ 㠃 ࡜ ( b )᩿ 㠃 ࢆ ♧ ࡋ ࡓ ࡀ 㸪 ⾲ 㠃 ࡟ ࡣ 〇

㐀 㐣 ⛬ ࡛ 㐀 ࡽ ࢀ ࡓ ┤ ᚄ ᩘ ༑ ȝ m ࡢ ஧ ḟ ⢏ Ꮚ ࡟ ࡼ ࡿ พ ฝ ࡀ ᙧ ᡂ ࡉ ࢀ ࡚

࠸ ࡿ 㸬 ( b ࡢ( ᩿ 㠃 ࡟ ࡣ ά ᛶ Ẽ Ἳ ᰾ ࡟ ࡞ ࡿ ࡜ ᛮ ࢃ ࢀ ࡿ พ 㒊 ࡀ ぢ ࡽ ࢀ ࡿ 㸬

ࢫ ࢣ ࣮ ࣝ ࣂ ࣮ ࡣ 1 0 ȝ m ࡛ ࠶ ࡿ 㸬 ᮏ ヨ 㦂 ࡛ ࡢ ᴫ ⟬ ࡛ ࡣ ࠶ ࡿ ࡀ 㸪 ⇕ ὶ ᮰

ࡀ 1 7 0 ࠶ ࡿ ࠸ ࡣ 2 2 0 k W ࡛ 㐣 ⇕ ᗘ ࡀ 1 0㹼 4 0 K ࡢ ሙ ྜ ࡢ ά ᛶ Ẽ Ἳ ᰾ ࡢ ┤

ᚄ r c ࡢ ᭱ ኱ ࠾ ࡼ ࡧ ᭱ ᑠ ್ ࡣ ᘧ ( 4 - 1 )
 ( 2 0 ࠿( ࡽ ࡯ ࡰ 1㹼 1 6 0 ȝ m ࡜ ぢ ✚ ࡶ

ࡿ ࡇ ࡜ ࡀ ࡛ ࡁ ࡿ 㸬 ィ ⟬ ⤖ ᯝ ࢆ Ta b l e  4 . 1 2 ࡟ ♧ ࡋ ࡓ 㸬 ᚓ ࡽ ࢀ ࡓ r c ࡢ ኱

ࡁ ࡉ ࡣ ఏ ⇕ ⟶ ⾲ 㠃 ࡟ Ꮡ ᅾ ࡍ ࡿ พ ฝ ࡢ ኱ ࡁ ࡉ ࡟ ㏆ ࡃ 㸪 ᰾ Ἓ 㦐 ࡢ ά ᛶ Ẽ

Ἳ ᰾ ࡜ ࡋ ࡚ ఏ ⇕ ࡀ ಁ 㐍 ࡉ ࢀ ᫆ ࠸ ࡜ ⪃ ࠼ ࡽ ࢀ ࡿ ( 2 1 )  㸬  

 

                    ሺݎ௖ሻ௠௜௡௠௔௫   ൌ ௞೗ο ೞ்ೌ೟ଶ௤ ൤ͳ േ ටͳ െ ଼ఙ ೞ்ೌ೟௤ఘೡ௅೗ೡ௞೗ο ೞ்ೌ೟మ   ൨   ( 4 - 1 )  

   

     

 

Ta b l e  4 . 1 2  C a l c u l a t e d  s i z e  o f  a c t i v e  c a v i t y  o n  n u c l e a t e  b o i l i n g .   

                                               (  ȝ m  )  

   

   

 

 

  Degree of superheating ( K )

Heat flux(kW/m
2
) 40 30 20 10

170 (rc)
max 162 121 80.0 37.2

(rc)min 0.82 1.10 1.66 3.57

220 (rc)
max 124 92.6 60.8 27.5

(rc)min 0.82 1.10 1.67 3.70



166 

 

 

 

      a )  S u r f a c e  o f  a s  s i n t e r e d  S S i C  

 

      

     b )  S u r f a c e  a n d  c r o s s  s e c t i o n  o n  o f  a s  s i n t e r e d  S S i C  

F i g . 4 . 2 3  S u r f a c e  o f  a s  s i n t e r e d  S S i C  h e a t  t r a n s f e r  t u b e .  

 

A c t i v e  c a v i t y  

S u r f a c e  

C r o s s  s e c t i o n  
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4 . 5 . 2 ⵨ Ẽ ᅽ ࡟ ᑐ ࡍ ࡿ Ᏻ ඲ ᛶ ࡟ ࡘ ࠸ ࡚  

㣬 ࿴ Ỉ ⵨ Ẽ ᅽ P = 0 . 4 5 M P a ࡟ ᑐ ࡍ ࡿ S S i C ఏ ⇕ ⟶ ᙉ ᗘ ࡢ Ᏻ ඲ ᛶ ࢆ ᳨

ウ ࡋ ࡓ 㸬㧗 ᅽ ࢞ ࢫ ྲྀ ⥾ ࡾ ἲ ᐜ ჾ ಖ Ᏻ つ ๎ ➨ 2 ❶ ➨ 7 ᮲ භ ( 2 2 ࡟( ࡼ ࡿ ࡜ 㸪

⥅ ┠ ࡞ ࡋ ᐜ ჾ ࡢ ᅽ ຊ ࡟ ᑐ ࡍ ࡿ ᚲ せ ࡞ ⫗ ཌ t ࡣ ᘧ ( 4 - 2 )࡛ ィ ⟬ ࡉ ࢀ ࡿ 㸬  

 

            t  =  
ሺ௉஽ሻଶ଴଴ௌఎିଵǤଶ௉ + C        ( 4 - 2 )  

 

            

ࡇ ࡢ ᘧ ࡣ 㔠 ᒓ ᮦ ᩱ ࡟ 㛵 ࡍ ࡿ ᘧ ࡛ ࠶ ࡾ 㸪 ࡑ ࡢ ࡲ ࡲ S S i C ᮦ ᩱ ࡟ 㐺 ⏝

ࡍ ࡿ ࡇ ࡜ ࡣ ࡛ ࡁ ࡞ ࠸ ࡜ ⪃ ࠼ ࡽ ࢀ ࡿ ࡀ 㸪 ┠ Ᏻ ࡜ ࡋ ࡚ ᳨ ウ ࡋ ࡓ 㸬 2 . 7 . 1

㡯 ࡛ Ᏻ ඲ ⋡ ࡣ S p = 2 . 3 ࡜ ồ ࡵ ࡽ ࢀ ࡓ ࡀ 㸪ࡇ ࡇ ࡛ ࡣ ᭦ ࡟ Ᏻ ඲ ࢆ ⪃ ៖ ࡋ ࡚

Ᏻ ඲ ⋡ ࢆ S p = 1 0 ࡜ ࡋ 㸪ᮦ ᩱ ࡢ チ ᐜ ᙉ ᗘ ࢆ S = 2 8 . 4 M P a ࡜ ࡋ ࡓ 㸬S S i C ఏ

⇕ ⟶ ࡟ ⁐ ᥋ 㒊 ࡣ ࡞ ࠸ ࡀ 㸪⁐ ᥋ ຠ ⋡ Ș ࡣ 0 . 6㹼 1 . 0 ࡜ つ ᐃ ࡉ ࢀ ࡚ ࠸ ࡿ ࡇ

࡜ ࠿ ࡽ 㸪 Ᏻ ඲ ᛶ ࢆ 㧗 ࡃ ࡍ ࡿ ࡓ ࡵ ࡟ Ș = 0 . 6 ࡜ ࡋ ࡓ 㸬 ⭉ ࢀ ࡋ ࢁ C ࡣ 㸪 㧗

ᅽ ࢞ ࢫ ྲྀ ⥾ ࡾ ἲ ࡛ ࢔ ࣥ ࣔ ࢽ ࢔ ࢞ ࢫ ࡜ ሷ ⣲ ࢞ ࢫ ࡟ つ ᐃ ࡉ ࢀ ࡚ ࠸ ࡿ ࡀ 㸪

⭉ 㣗 ࡛ ࡣ ࡞ ࡃ ࢞ ࢫ ᅽ ࡟ 㛵 ࡍ ࡿ ࡇ ࡜ ࡛ ࠶ ࡿ ࠿ ࡽ ࢔ ࣥ ࣔ ࢽ ࢔ ࢞ ࢫ ࡟ 㐺 ⏝

ࡉ ࢀ ࡚ ࠸ ࡿ C = 1 ࡜ ࡋ ࡓ 㸬   

ィ ⟬ ࡋ ࡓ ⤖ ᯝ 㸪 ఏ ⇕ ⟶ ࡢ ᚲ せ ⫗ ཌ ࡣ t = 1 . 3 m m ࡛ ࠶ ࡿ 㸬ࡇ ࢀ ࡟ ᑐ ࡋ

࡚ 㸪ヨ 㦂 ࡟ ⏝ ࠸ ࡓ ȭ 4 5ェȭ 3 5ェ 8 0 0 m m ఏ ⇕ ⟶ ࡢ ⫗ ཌ ࡣ 5 m m ࡛ ࠶ ࡿ ࡇ

࡜ ࠿ ࡽ ◚ ᦆ ࡢ ᠱ ᛕ ࡣ ࡞ ࠸ 㸬 4 . 3 . 5 . ( 2 ) 㡯 ࡛ ㏙ ࡭ ࡓ ȭ 2 0 0 ェ ȭ 1 7 9 ェ

2 3 0 0 m m ኱ ᆺ ఏ ⇕ ⟶ ࡢ ሙ ྜ ࡣ ᚲ せ ⫗ ཌ t = 2 . 3 m m ࡜ ィ ⟬ ࡉ ࢀ ࡿ ࡀ 㸪 ᐇ

㝿 ࡢ ఏ ⇕ ⟶ ࡢ ⫗ ཌ ࡣ 1 0 . 5 m m ࠶ ࡾ 㸪 ᅽ ຊ 0 . 4 5 M P a ࡛ ࡢ ౑ ⏝ ࡟ ⪏ ࠼ ᚓ

ࡿ ࡜ ุ ᩿ ࡉ ࢀ ࡿ 㸬  
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4 . 5 . 3  ⅊ ࡢ ௜ ╔ ࡟ ࡘ ࠸ ࡚  

ᗫ Რ ≀ ↝ ༷ ࡟ ࠾ ࡅ ࡿ ࢃ ࡀ ᅜ ࡢ ᐇ ⦼ ࡛ ࡣ 㸪ᖺ 㛫 4 5 3 6 0ェ 1 0
6

k g ࡢ ୍ ⯡

ᗫ Რ ≀ ࡢ ࠺ ࡕ ᭱ ⤊ ฎ ศ 㔞 ࡣ 4 8 4 0ェ 1 0
6

k g ࡛ ࠶ ࡿ ࡇ ࡜ ࠿ ࡽ 㸪 ⣙ 1 0 ࡀ%

↝ ༷ ⅊ ࡛ ࠶ ࡿ ( 2 3 )㸬ࡇ ࡢ ୰ ࡛ ᤼ ࢞ ࢫ ୰ ࡟ ྵ ࡲ ࢀ ࡿ 㣕 ⅊ ࡢ 㔞 ࡣ Ta b l e  4 . 2

࡟ ♧ ࡋ ࡓ ࡀ 㸪ᴫ ࡡ 5 . 0 m g / m
3

[ n o r m a l ]࡛ ࠶ ࡿ 㸬 4 . 3 . 3 㡯 ࡢ ሙ ྜ ࡢ ࡼ ࠺ ࡟

᤼ ࢞ ࢫ ὶ 㔞 ࡀ ⣙ 6 5 0 0 0 m
3

/ h ࡛ ࠶ ࢀ ࡤ 1 ࢣ ᭶ 㛫 ࡢ ⇕ ஺ ᥮ ჾ タ ⨨ 㒊 ࢆ ὶ

ࢀ ࡿ 㣕 ⅊ 㔞 ࡣ 㸪⣙ 2 3 0 k g ࡛ ࠶ ࡾ 㸪ᐦ ᗘ ࡀ 7 8 0 k g / m
3 ࡛ ࠶ ࡿ ࠿ ࡽ య ✚ ࡣ

⣙ 3 6 0 m
3 ࡜ ᴫ ⟬ ࡉ ࢀ 㸪 ↮ 㐨 ࢆ 㛢 ሰ ࡍ ࡿ 㔞 ࡟ ┦ ᙜ ࡍ ࡿ 㸬 ࡇ ࡢ ࡓ ࡵ ఏ ⇕

⟶ ࡟ ࡣ ከ 㔞 ࡢ ⅊ ࡀ ௜ ╔ ࡋ 㸪 ⇕ ஺ ᥮ ຠ ⋡ ࡢ ప ୗ ཎ ᅉ ࡟ ࡞ ࡿ ࡇ ࡜ ࠿ ࡽ 㸪

௜ ╔ ⅊ ࡢ 㝖 ཤ ᧯ స ࡣ ᚲ せ ࡛ ࠶ ࡿ 㸬  
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4 . 6  ⤖ ゝ  

ᮏ ◊ ✲ ࡛ ࡣ ᑠ ᆺ ࡢ ఏ ⇕ ⟶ ࢆ ⏝ ࠸ ࡚ 㣬 ࿴ Ỉ ⵨ Ẽ 㸪 ࠾ ࡼ ࡧ 㧗   ᤼ ࢞ ࢫ

࡛ ⇕ ஺ ᥮ ヨ 㦂 ࢆ ࡋ 㸪 ᚓ ࡽ ࢀ ࡓ ࢹ ࣮ ࢱ ࢆ ࡶ ࡜ ࡟ ኱ ᆺ S S i C ࢩ ࣥ ࢢ ࣝ ࢚

ࣥ ࢻ ᆺ ఏ ⇕ ⟶ ࢆ ⏝ ࠸ ࡓ ⇕ ஺ ᥮ ჾ ࡢ ྍ ⬟ ᛶ ࢆ ᳨ ウ ࡋ ࡓ 㸬 ྠ ᫬ ࡟ 㸪 ⇕ ஺

᥮ ຠ ⋡ ࡟ ᝏ ᙳ 㡪 ࢆ ཬ ࡰ ࡍ ௜ ╔ ⅊ ࢆ ㄪ ᰝ ࡋ 㸪 ࢧ ࣥ ࢻ ࣈ ࣛ ࢫ ࢺ ࡟ ࡼ ࡿ 㝖

ཤ ࡟ ࡘ ࠸ ࡚ ࡶ ᳨ ウ ࡋ ࡓ 㸬ࡑ ࡢ ⤖ ᯝ 㸪 S S i C ᮦ ᩱ ࡀ ኱ ᆺ ఏ ⇕ ⟶ ࡜ ࡋ ࡚ ౑

⏝ ྍ ⬟ ࡛ ࠶ ࡿ ࡇ ࡜ ࢆ ᫂ ࡽ ࠿ ࡟ ࡋ 㸪 ୗ グ ࡢ ࡇ ࡜ ࡀ ࢃ ࠿ ࡗ ࡓ 㸬  

( 1 )ȭ 4 5 ×ȭ 3 5 × 8 0 0 m m ఏ ⇕ ⟶ ࢆ ⏝ ࠸ ࡓ 0 . 2 5㹼 0 . 4 5 M P a ࡢ 㣬 ࿴ Ỉ ⵨

Ẽ ࡟ ࡼ ࡿ ⇕ ஺ ᥮ ヨ 㦂 ࡛ ࡣ 㸪 ⥲ ᣓ ఏ ⇕ ಀ ᩘ ࡀ 6 . 1㹼 4 . 5 k W / ( m
2࣭ K )࡛ ࠶

ࡿ 㸬  

( 2 )  S S i C ᮦ ᩱ ࡣ 㓟 㟢 Ⅼ ௜ ㏆ ࡛ ⭉ 㣗 ᛶ ⸆ ᾮ ࠾ ࡼ ࡧ 㞺 ᅖ Ẽ ࡟ ᑐ ࡋ ⪏ 㣗

ᛶ ࢆ ♧ ࡋ ࡓ 㸬  

( 3 )  ȭ 9 0 ×ȭ 7 6 × 1 6 0 0 m m ᑠ ᆺ ఏ ⇕ ⟶ ࢆ ⏝ ࠸ ࡓ ⇕ ศ ゎ ࢞ ࢫ ໬ ⁐ ⼥ ⅔

࡛ ࡢ ᐇ ᶵ ヨ 㦂 ࡛ ࡣ 㸪ఏ ⇕ ⟶ ࢆ 2 ྎ ┤ ิ ࡟ 㓄 ⟶ ࡋ ࡚ 1 2 0 0 K ࡢ ᤼ ࢞ ࢫ ࡜

ࡢ ⇕ ஺ ᥮ ࡟ ࡼ ࡾ 㸪 2 9 0 K - 7 9 . 2 m
3

[ n o r m a l ] / h ࡢ ✵ Ẽ ࢆ 8 2 0 K ࡛ ᅇ ཰ ࡛ ࡁ

ࡓ 㸬  

( 4 )ȭ 2 0 0 ×ȭ 1 7 9 × 2 3 0 0 m m ࡢ ኱ ᆺ ఏ ⇕ ⟶ ࢆ ⏝ ࠸ ࡓ ⇕ ஺ ᥮ ჾ ࡢ ᩘ ್ ゎ

ᯒ ࡛ ࡣ 㸪 1 8 ྎ ࡢ ఏ ⇕ ⟶ ࢆ ୪ ิ ࡟ 㓄 ⟶ ࡍ ࡿ ࡇ ࡜ ࡟ ࡼ ࡾ ᐊ   2 5 0 0 m
3

/ h

ࡢ ✵ Ẽ ࡀ 6 2 0 K ࡟ ࡞ ࡗ ࡓ 㸬  

( 5 )  ௜ ╔ ⅊ ࡣ Ⅳ ໬ ࡅ ࠸ ⣲ ◊ ᤲ ᮦ ࢆ ⏝ ࠸ ࡓ ࢧ ࣥ ࢻ ࣈ ࣛ ࢫ ࢺ ࡟ ࡼ ࡾ 㝖

ཤ ࡍ ࡿ ࡇ ࡜ ࡀ ྍ ⬟ ࡛ ࠶ ࡗ ࡓ 㸬  

ᮏ ◊ ✲ ࡛ ࡢ S S i C ఏ ⇕ ⟶ ࡣ 㸪 ࡇ ࢀ ࡲ ࡛ ⣙ 1 5 0 0 ᮏ ௨ ୖ ࡀ 2 0 0 0 ᖺ 㡭

࠿ ࡽ ↝ ༷ ⅔ ᕷ ሙ ࡟ ౪ ⤥ ࡉ ࢀ 㸪 ✌ ാ ࡋ ࡚ ࠸ ࡿ 㸬  
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4 . 7  ➨ 4 ❶ ࡢ ཧ ⪃ ᩥ ⊩  

( 1 )  Y. H i m e j i ,  M . K u m a d a ,  K . H a n a m u r a ,  “ S t u d i e s  o n  h i g h - p e r f o r m a n c e  

c e r a m i c  h e a t  e x c h a n g e r  f o r  u l t r a  h i g h  t e m p e r a t u r e s ” ,  T h e  J a p a n  

S o c i e t y  o f  M e c h a n i c a l  E n g i n e e r s , Vo l . 6 3 , N o . 6 1 5 , p p . 2 1 0 - 2 1 5  ( 1 9 9 7 ) .   

( 2 )  ୰ ᑠ ௻ ᴗ ஦ ᴗ ᅋ ጤ ク ◊ ✲  “ᕤ ᴗ ⅔ ⏝ ࢭ ࣛ ࣑ ࢵ ࢡ ࢫ ⇕ ஺ ᥮ ჾ ” ,▼

ᕝ ᓥ ᧛ ☻ 㔜 ᕤ ᴗ ओ ,ᮾ Ⱚ ࢭ ࣛ ࣑ ࢵ ࢡ ࢫ ओ ,घ ࣇ ࢓ ࢖ ࣥ ࢭ ࣛ ࣑ ࢵ ࢡ

ࢫ ࢭ ࣥ ࢱ ࣮ ( 1 9 8 5 ) .  

( 3 )  M . Yo s h i b a ,  “ C o m p l i c a t e d  c o r r o s i o n  p r o b l e m s  a n d  p r e v e n t i o n  o f  

m e t a l l i c  m a t e r i a l s  f o r  h o t  s e c t i o n  c o m p o n e n t s  i n  a d v a n c e d  w a s t e  

t r e a t m e n t  p l a n t s  a t  e l e v a t e d  t e m p e r a t u r e ” ,  Wa s t e  M a n a g e m e n t  

   R e s e a c h  ,  Vo l . 1 3 ,  N o . 1 ,  p p . 3 8 - 4 6  ( 2 0 0 2 ) .  

( 4 )  J S M E  d a t a  b o o k :  “  H e a t  t r a n s f e r ,  4
t h

 e d i t i o n , p p . 2 5 3 - 2 5 6 ( 1 9 8 6 )  

T h e  S o c i e t y  o f  M e c h a n i c a l  E n g i n e e r s .   

( 5 )  Y. S a k a i ,  K . O t a ,  M . Ya m a z a k i ,  H . S a k u s a b e ,  “ D e v e l o p m e n t  a n d  

a p p l i c a t i o n  o f  a  l a r g e - s i z e d  p r e s s u r e l e s s - s i n t e r e d  s i l i c o n  c a r b i d e  

r a d i a n t  t u b e ” ,  J o u r n a l  o f  t h e  S o c i e t y  o f  M a t e r i a l  S c i e n c e ,  J a p a n ,  

Vo l . 6 1 ,  N o . 1 2 ( 2 0 1 2 ) .    

( 6 )  N . Ta n i g a w a ,  “ D e v e l o p m e n t  o f  n e w  w a s t e - t o - e n e r g y ” ,  Wa s t e  

M a n a g e m e n t  R e s e a c h , Vo l . 9 , N o . 7 , p p . 4 7 0 - 4 8 6 ( 1 9 9 8 ) .  

(7)  SS400: JIS G3101(1995) ୍⯡ᵓ㐀⏝ᅽᘏ㗰ᮦ 

( 8 )  ᒸ ᮏ ₶ ୍ ,Ᏹ బ ⨾ ᫂ ,ῧ 㔝 ᫂ 㞝 ,୕ ᮧ ⿱ ᖾ ,▼ ሯ ဴ ኵ ,  “⪏ ◲ 㓟 㟢

Ⅼ ⭉ 㣗 㗰 S - T E N 1 ࣜ ࢽ ࣗ ࣮ ࢔ ࣝ ” ,᪂ ᪥ 㕲 ᢏ ሗ ,  Vo l . 3 8 0 ,  p p .  8 6 -  

9 0  ( 2 0 0 4 ) .  

( 9 )  J I S  M - 8 8 0 1 - 1 0 ,  “ C o a l - Te s t i n g  M e t h o d ”  ( 2 0 0 4 ) .   

( 1 0 )  J I S  B 0 6 0 1 ,  “ D e f i n i t i o n s  a n d  d e s i g n a t i o n  o f  s u r f a c e  r o u g h n e s s ”  

    ( 1 9 8 2 ) .  

( 1 1 )  ᑿ ⰼ ⱥ ᮁ ,  “⇕ ஺ ᥮ ჾ タ ィ ࣁ ࣥ ࢻ ࣈ ࢵ ࢡ ” ,  p . 4 5 1 ( 1 9 7 4 )  ᕤ Ꮫ ᅗ  

᭩ ओ  



171 

 

( 1 2 )  “ᮍ ฼ ⏝ ప   ᤼ ࢞ ࢫ ࠿ ࡽ ࡢ ⇕ ᅇ ཰ ⿦ ⨨ ”᪥ ᮏ ᒣ ᮧ ◪ Ꮚ ओ ,⎔ ቃ

ᒎ ࢝ ࢱ ࣟ ࢢ ( 2 0 1 4 ) .  

( 1 3 )  ㊊ ❧ ⰾ ᐶ ,  “⎔ ቃ ⏘ ᴗ ᢏ ⾡ ධ 㛛 ”  ( 1 9 9 8 )  ओ ࢜ ࣮ ࣒ ♫ .  

( 1 4 )  T .  U r a b e ,  “ M a t e r i a l  p r o b l e m s  i n  w a s t e  t r e a t m e n t  f a c i l i t i e s ” ,  

Wa s t e  m a n a g e m e n t  r e s e a r c h ,  Vo l .  1 8 ,  N o .  5 ,  p . 2 9 2 - 3 0 3 ( 2 0 0 7 ) .  

( 1 5 )  T. N a k a g a w a ,  M . H a r a ,  K . I m a i ,  ” H o t  c o r r o s i o n  b e h a v i o r  o f  S i C  i n  

m o l t e n  N a 2 S O 4 ” , J . J a p a n  I n s t .  M e t a l s ,  Vo l . 6 1 ,  N o . 1 1 ,  p p . 1 2 4 1 -  

1 2 4 8 ( 1 9 9 7 ) .  

( 1 6 )  L . A . L a y, ࢭ“ ࣛ ࣑ ࢵ ࢡ ࢫ ࡢ ⪏ 㣗 ᛶ ࣁ ࣥ ࢻ ࣈ ࢵ ࢡ ” ,  ヂ ஭ 㛵 Ꮥ ୸  

ၿ  p p . 1 3 0 - 1 3 4  ( 1 9 8 5 )  ඹ ❧ ฟ ∧ .  

( 1 7 )  K . A o k i ,  K . Ya w a t a ,  H . Ta m a i ,  T . Yo s h i o , “  H i g h  t e m p e r a t u r e  

c o r r o s i o n  o f  s i l i c o n  c a r b i d e  i n  s i m u l a t e d  i n c i n e r a t o r  a s h ”  ,  

Ta i k a b u t s u ,  Vo l . 5 2 ,  N o . 1 0 ,  p p . 5 2 0 - 5 2 3  (  2 0 0 0 ) .  

( 1 8 )  E .  M .  L e v i n ,  C .  R .  R o b b i n ,  H . F.  M c M u r d i e ,  “ P h a s e  D i a g r a m s  

 f o r  C e r a m i s t s ” ,  p . 1 4 9 ( 1 9 6 4 ) T h e  A m e r i c a n  C e r a m i c  S o c i e t y.  

( 1 9 )  E .  M .  L e v i n ,  C .  R .  R o b b i n ,  H . F.  M c M u r d i e ,  “ P h a s e  D i a g r a m s   

f o r  C e r a m i s t s ” ,  p . 1 7 4 ( 1 9 6 4 )  T h e  A m e r i c a n  C e r a m i c  S o c i e t y .   

( 2 0 )  J S M E  T e x t b o o k  s e r i e s ,  " H e a t  t r a n s f e r ,  p p . 1 3 0 - 1 3 7 ( 2 0 1 1 )  

M a r u z e n .   

( 2 1 )  M a s a h i r o  F u r u y a ,  “ I n v e s t i g a t i o n s  o f  t h e  o c c u r r e n c e  a n d  t h e  

m e c h a n i s m  o f  m i n u t e  b u b b l e  e m i s s i o n  b o i l i n g ” ,  R e s e a r c h  

I n s t i t u t e  o f  E l e c t r i c  P o w e r  I n d u s t r y  R e p o r t ,  o . T 9 5 0 9 5 ( 1 9 9 6 ) .  

( 2 2 )  㧗 ᅽ ࢞ ࢫ ྲྀ ⥾ ἲ つ 㞟 , p . 6 0 8 ( 1 9 8 5 )㧗 ᅽ ࢞ ࢫ ಖ Ᏻ ༠ ఍ 㸬  

( 2 3 )  ᵽ ཱྀ ኊ ኴ 㑻 , ”↝ ༷ ⅊ ᑐ ⟇ ࡢ ື ྥ ࡜ ௒ ᚋ ࡢ ⾜ ᪉ ”  ᭶ ห ᗫ Რ ≀ ,  

Vo l . 3 8 , N o . 4 9 7 , p p . 2 - 7 ( 2 0 1 2 ) .  



➨ 5 ❶ ࡲ ࡜ ࡵ  

ල య ⓗ ⏝ ㏵ ࡟ ࠾ ࠸ ࡚ 㸪 ᮏ ◊ ✲ ࡢ S S i C ᮦ ᩱ ࡜ ᚑ ᮶ ᢏ ⾡ ࡟ ࡼ ࡿ ᮦ ᩱ ࡜

ࢆ ẚ ㍑ ࡋ 㸪 S S i C ᮦ ᩱ ࡢ 㐺 ⏝ ᮲ ௳ ࢆ ㄽ ࡌ ࡓ 㸬 ࠸ ࡎ ࢀ ࡢ ᢏ ⾡ 㸪 ᮦ ᩱ ࡶ ࡑ

ࢀ ࡒ ࢀ 㛗 ᡤ ࡜ ▷ ᡤ ࢆ ᣢ ࡘ ࡇ ࡜ ࠿ ࡽ 㸪ᐇ ᶵ ࡬ ࡢ 㐺 ⏝ ᪉ ἲ ࡟ 㛵 ࡍ ࡿ ▱ ぢ ࡣ

㔜 せ ࡛ ࠶ ࡿ 㸬 S S i C ࡣ ⬤ ᛶ ᮦ ᩱ ࡛ ࠶ ࡾ 㸪 ᪤ Ꮡ ࡢ ኱ つ ᶍ タ ഛ ࡟ ࡑ ࡢ ࡲ ࡲ

タ ⨨ ࡛ ࡁ ࡿ ࡼ ࠺ ࡞ 」 㞧 ᙧ ≧ ࡢ ኱ ᆺ ᵓ 㐀 㒊 ᮦ ࡢ 〇 㐀 ࡟ ၥ 㢟 ࡣ ࠶ ࡿ ࡀ 㸪ᮏ

◊ ✲ ࡟ ࡼ ࡾ 㛤 Ⓨ ࡉ ࢀ ࡓ S S i C ኱ ᆺ ᵓ 㐀 㒊 ᮦ ࢆ ᐇ ⏝ ໬ ࡟ ⪏ ࠼ ࡿ Ỉ ‽ ࡍ ࡿ

ࡓ ࡵ ࡟ ୗ グ ࡢ 5 . 1㹼 5 . 3 ࡢ Ⅼ ࡟ ╔ ┠ ࡋ 㸪 ȭ 2 2 0  ×  ȭ 2 0 0  ×  2 3 0 0 m m㸪 㔜

㔞 ⣙ 5 0 k g ࡞ ࡝ ࡢ S S i C ኱ ᆺ ᵓ 㐀 㒊 ᮦ ࢆ 㸪ຎ ᝏ ࡞ ⎔ ቃ ୗ ࡛ ౑ ⏝ ࡉ ࢀ ࡿ ᕤ

ᴗ ⏝ 㒊 ᮦ ࡜ ࡋ ࡚ Ᏻ ඲ ࡟ ᐇ ⏝ ໬ ࡍ ࡿ ᪉ ἲ ࢆ ♧ ࡋ ࡓ 㸬   

 

5 . 1  〇 㐀 ᢏ ⾡  

〇 㐀 ᢏ ⾡ ࡣ 㸪 S S i C ኱ ᆺ ᵓ 㐀 㒊 ᮦ ࢆ Ᏻ ᐃ ࡟ 〇 㐀 ࡍ ࡿ ᢏ ⾡ ࡛ ࠶ ࡿ 㸬 ୍ ➃

ᑒ ࡌ ࡛ ௚ ➃ ࡀ ࣇ ࣛ ࣥ ࢪ ࡛ ࠶ ࡿ ᙧ ≧ ࡣ 〇 㗰 㐃 ⥆ 㗪 㐀 ⏝ ᾐ ₕ ࣀ ࢬ ࣝ ࡜ ྠ ᙧ

≧ ࡛ ࠶ ࡾ 㸪 ᡂ ᙧ ᕤ ⛬ ࡛ ࡣ ࡇ ࡢ ᡂ ᙧ ᢏ ⾡ ࢆ ཧ ⪃ ࡟ ࡋ ࡓ 㸬 ⫗ ⷧ ࡛ 㛗 ᑻ ࡢ ኱

ᆺ ᵓ 㐀 㒊 ᮦ ࡢ ᡂ ᙧ ࡟ ౪ ࡍ ࡿ C I P ᡂ ᙧ ⏝ 㐀 ⢏ ⢊ ࡣ 㸪 ᡂ ᙧ ᆺ ࡢ ⊃ ࠸ ✵ 㛫 ࡟

඘ ሸ ࡍ ࡿ ࡓ ࡵ ┠ ワ ࡲ ࡾ ࡍ ࡿ ࡇ ࡜ ࡀ ࡞ ࡃ 㸪 ὶ ື ᛶ ࡢ Ⰻ ࠸ ࡇ ࡜ ࡀ せ ồ ࡉ ࢀ

ࡿ 㸬 ࡇ ࡢ ࡓ ࡵ 㐀 ⢏ ⢊ ࡣ ┤ ᚄ ᩘ ༑ ȣ m ࡢ ⌫ ≧ ࡛ 㸪 㐺 ᗘ ࡞ ◳ ࡉ ࢆ ᭷ ࡍ ࡿ ࡼ

࠺ ࡟ ㄪ ᩚ ࡋ ࡓ 㸬ᡂ ᙧ య ⾲ 㠃 ࡟ ࡣ 㸪⣙ 1 5 0 M P a ࡢ ᡂ ᙧ ᅽ ຊ ࡟ ࡼ ࡾ ₽ ࡉ ࢀ ࡿ

ࡇ ࡜ ࡞ ࡃ ༙ ⌫ ≧ ࡢ 㐀 ⢏ ⢊ ࡀ ㄆ ࡵ ࡽ ࢀ 㸪 ↝ ⤖ య ⾲ 㠃 ࡟ ṧ ␃ ࡍ ࡿ 㸬 ⊂ ⮬ 㛤

Ⓨ ࡛ ࠶ ࡿ ᑡ 㔞 ࡢ ࡯ ࠺ ⣲ ࡜ Ⅳ ⣲ ࢆ ῧ ຍ ࡋ ࡓ ↝ ⤖ య ࡣ 㸪 ␗ ᖖ ⢏ ᡂ 㛗 ࡀ ࡯ ࡜

ࢇ ࡝ ㄆ ࡵ ࡽ ࢀ ࡞ ࠸ ⢏ ᚄ ᩘ ȣ m ࡢ ᆒ ୍ ࡛ ⦓ ᐦ ࡞ ᚤ ⣽ ⤌ ⧊ ࡛ ࠶ ࡿ 㸬   

 

5 . 2  ホ ౯ ᢏ ⾡  

ホ ౯ ᢏ ⾡ ࡣ 㸪 S S i C ኱ ᆺ ᵓ 㐀 㒊 ᮦ ࡢ ᇶ ᮏ ⓗ ࡞ ᛶ ㉁ ࢆ ᢕ ᥱ ࡋ 㸪 ᩘ ್ ィ ⟬

࡟ ࡼ ࡾ ኱ ᆺ ᵓ 㐀 㒊 ᮦ ࡜ ࡋ ࡚ 㐺 ⏝ ྍ ⬟ ࡛ ࠶ ࡿ ࡇ ࡜ ࢆ ☜ ㄆ ࡍ ࡿ ᢏ ⾡ ࡛ ࠶ ࡿ 㸬

⬤ ᛶ ᮦ ᩱ ࡢ ∦ ᣢ ࡕ Ỉ ᖹ ᨭ ᣢ ࡟ ࡼ ࡿ Ⓨ ⏕ ᛂ ຊ ࠾ ࡼ ࡧ ᾐ ₕ ⟶ ‮ 㠃 ࡢ ⇕ ᛂ ຊ

ࡣ ࢧ ࢖ ࣂ ࢿ ࢵ ࢺ ࢩ ࢫ ࢸ ࣒ ओ ỗ ⏝ ᭷ 㝈 せ ⣲ ἲ ࢥ ࣮ ࢻ ࣉ ࣟ ࢢ ࣛ ࣒ A N S Y S  

V e r . 5 . 5 ࡟ ࡼ ࡾ ィ ⟬ ࡋ ࡓ 㸬 ⇕ ஺ ᥮ ჾ ࡛ ࡢ ὶ య ゎ ᯒ ࡣ C D - a d a p c o 〇 3 ḟ ඖ

⇕ ὶ య ゎ ᯒ ࢯ ࣇ ࢺ ࢘ ࢙ ࢔  S T A R - C D ࢆ ⏝ ࠸ ࡚ ィ ⟬ ࡋ ࡓ 㸬  
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ᮦ ᩱ ࡢ ᙉ ᗘ ⓗ ᛶ ㉁ ࡟ 㛵 ࡋ ࡚ ࡣ 㸪 3 Ⅼ ᭤ ࡆ ᙉ ࡉ ࡢ ࣡ ࢖ ࣈ ࣝ ಀ ᩘ m = 1 3  㸪

ᖹ ᆒ ್ ࡣ 4 5 0 M P a ࡛ ࠶ ࡾ 㸪⇕ 㛫 ᭤ ࡆ ᙉ ࡉ ࡣ ࣛ ࢪ ࢔ ࣥ ࢺ ࢳ ࣗ ࣮ ࣈ ࡢ ᐇ ⏝    

ᗘ ᇦ ࡛ ࠶ ࡿ 1 6 0 0 K ࡲ ࡛ ప ୗ ࡋ ࡞ ࠸ 㸬 ⇕ ⓗ ᛶ ㉁ ࡛ ࡣ 㸪 ⪏ ⇕ ⾪ ᧁ ᛶ ࡣ J I S

‽ ᣐ ࡢ   ᐃ ᪉ ἲ ࡟ ࡼ ࡿ ࡜ ԥ T c㸻 4 0 0㹼 4 5 0 K ࡛ ࠶ ࡾ 㸪 Ỉ ࡢ Ἓ 㦐 ࡀ ᑡ ࡞ ࡃ

࡞ ࡿ ࡼ ࠺ ࡟ ࡋ ࡓ ෇ ⟄ ᙧ ≧ ヨ ᩱ ࡢ 㒊 ศ Ỉ ෭ ヨ 㦂 ࡛ ࡣ ԥ T = 1 8 0 K  ࡛ ࠶ ࡿ 㸬

S S i C ᮦ ᩱ ࡣ J I S   ᐃ ἲ ࡛ ࡢ ԥ T c ࡣ ཯ ᛂ ↝ ⤖ ❅ ໬ ࡅ ࠸ ⣲ R B S N ࡟ ຎ ࡿ ࡀ 㸪

  ᗘ ໙ 㓄 ࡀ ᑠ ࡉ ࡃ ᐇ ᶵ ࡟ ㏆ ࠸ ⇕ ⾪ ᧁ ヨ 㦂 ࡛ ࡣ 㸪R B S N ᮦ ࡼ ࡾ ࡶ ඃ ࢀ ࡓ ್

ࢆ ♧ ࡍ 㸬 〇 ရ ᑑ ࿨ ࡟ ᙳ 㡪 ࡍ ࡿ 㓟 ໬ ヨ 㦂 ࡣ 㸪 ᐇ 㦂 ᐊ ࣞ ࣋ ࣝ ࡛ ࡣ 㓟 ໬ ࡋ 㞴

ࡃ 㛗 ᫬ 㛫 ࢆ せ ࡍ ࡿ ࡓ ࡵ 㸪 බ ⛠   ᗘ ⣙ 1 5 7 0 K ࡢ 〇 㕲 ᡤ ຍ ⇕ ⅔ ࡛ ✌ ാ ࡋ ࡚

࠸ ࡿ 㒊 ᮦ ࡛   ᐃ ࡋ ࡓ 㸬 㓟 ໬ ࡣ ⾲ 㠃 ࠿ ࡽ ₞ ḟ 㐍 ⾜ ࡍ ࡿ ࡀ 㸪 ⭷ ཌ ࡣ  1 ᖺ ࡛

⣙ 7 0㹼 8 0ȣ m ࡟ ᡂ 㛗 ࡋ ࡓ 㸬 㓟 ໬ ⭷ ࡣ ⅔ ෆ ࡢ ᾋ 㐟 ⢊ ሻ ࢆ ⾲ 㠃 ࡟ ྲྀ ࡾ ㎸ ࢇ

࡛ ࢞ ࣛ ࢫ ᒙ ࢆ ᙧ ᡂ ࡋ 㸪 㓟 ໬ ㏿ ᗘ ࡣ ᨺ ≀ ⥺ ๎ ࡟ ஌ ࡿ ࡼ ࠺ ࡟ ⦆ ࡸ ࠿ ࡟ ࡞ ࡿ

ࡇ ࡜ ࠿ ࡽ ಖ ㆤ ⭷ ࡜ ࡋ ࡚ ᶵ ⬟ ࡋ ࡓ 㸬  

ࣇ ࣛ ࣥ ࢪ ᑍ ἲ ࡢ Ỵ ᐃ ࡟ 㛵 ࡋ ࡚ ࡣ 㸪∦ ᣢ ࡕ Ỉ ᖹ ᨭ ᣢ ࡉ ࢀ ࡓ ȭ 1 8 4ェȭ 1 7 0

ェ 2 2 0 0 m m ࣛ ࢪ ࢔ ࣥ ࢺ ࢳ ࣗ ࣮ ࣈ ࡟ ࠾ ࡅ ࡿ Ⓨ ⏕ ᛂ ຊ ࡣ 1 1 . 3 M P a ࡛ ࠶ ࡿ ࡀ 㸪

ࣛ ࢘ ࣥ ࢻ R = 5 m m ⛬ ᗘ ࡛ ࣇ ࣛ ࣥ ࢪ ཌ ࡉ ࡣ 1 0 m m㹼 1 5 m m ࡛ ࠶ ࢀ ࡤ ၥ 㢟 ࡣ

࡞ ࠸ 㸬   

⁐ ⼥ ள 㖄 ࡵ ࡗ ࡁ ⏝ ᾐ ₕ ⟶ ࡛ ࡣ ᾐ ₕ ⟶ ࡢ ‮ 㠃 ୖ ୗ ࡢ ⇕ ఏ 㐩 ⋡ ࡢ 㐪 ࠸ ࡟

ࡼ ࡾ ᛂ ຊ ࡀ Ⓨ ⏕ ࡍ ࡿ 㸬 ࡇ ࡢ ᛂ ຊ ࢆ ⦆ ࿴ ࡍ ࡿ ࡓ ࡵ ᾐ ₕ ⟶ ෆ 㠃 ࡟ ᩿ ⇕ ⟄ ࢆ

タ ⨨ ࡋ 㸪 ⅆ ⅖ ࠿ ࡽ ཷ ࡅ ࡿ ᨺ ᑕ ⇕ ࢆ 㐽 ⶸ ࡉ ࡏ ࡿ ࡇ ࡜ ࡟ ࡼ ࡾ ᛂ ຊ ್ ࢆ ༙ ῶ

ࡋ ࡓ 㸬 ㏻ ᖖ ᧯ ᴗ ᫬ ࡢ ᾐ ₕ ⟶ ෆ   ᗘ ࡣ 1 1 5 3 K ࡛ ࠶ ࡿ ࡀ 㸪 ᩿ ⇕ ⟄ ࡢ タ ⨨ ࡀ

࡞ ࠸ ሙ ྜ ࡢ Ⓨ ⏕ ᛂ ຊ ࡣ 5 1 . 5 M P a ࡛ ࠶ ࡗ ࡓ ࡀ 㸪 タ ⨨ ࡍ ࡿ ࡇ ࡜ ࡟ ࡼ ࡾ

2 2 . 5 M P a ࡟ ప ୗ ࡍ ࡿ 㸬 ࡇ ࡢ ᫬ ࡢ Ᏻ ඲ ⋡ ࡣ 1 2 . 6 ࡛ ࠶ ࡿ 㸬 ᩿ ⇕ ⟄ ᮦ ᩱ ࡢ ⇕

ఏ ᑟ ⋡ ࢆ 1 W / ( m࣭ K ) ࠿  ࡽ 1 0 0 W / ( m࣭ K ࡲ( ࡛ ᶍ ᘧ ⓗ ࡟ ᣺ ࡗ ࡓ ࡀ 㸪Ⓨ ⏕ ᛂ

ຊ ࡣ 2 2 . 4  M P a ࠿ ࡽ 2 4 . 1 M P a ࡢ 㐪 ࠸ ࡛ ࠶ ࡾ 㸪 ⇕ ఏ ᑟ ⋡ ࡢ ᙳ 㡪 ࡣ ᑠ ࠸ 㸬  

ȭ 9 0 ×ȭ 7 6 × 1 6 0 0 m m ࡢ ᑠ ᆺ ఏ ⇕ ⟶ ࡟ ࡼ ࡿ ↮ 㐨 ෆ   ᗘ 1 1 0 0㹼 1 2 0 0 K ࡢ

࢞ ࢫ ໬ ⁐ ⼥ ⅔ ᤼ ࢞ ࢫ ࡛ ࡢ ᐇ ᶵ ヨ 㦂 ࡛ ࡣ 㸪⇕ ஺ ᥮ ჾ ෆ ࡟ ㏦ ࡾ ㎸ ࢇ ࡔ ⣙ 2 9 0  

K ࡢ ᐊ   ✵ Ẽ 7 9 . 2 m
3
[ n o r m a l ] / h ࡀ  㸪 1 ẁ ┠ ࡢ ⇕ ஺ ᥮ ჾ ฟ ཱྀ ࡛ ⣙ 6 0 0 K ࡟

࡞ ࡿ 㸬 ⤌ ᡂ ኚ ື ࡢ ኱ ࡁ ࠸ ᤼ ࢞ ࢫ ࢆ ⇕ ᨺ ᑕ ࡟ ᙳ 㡪 ࡍ ࡿ Ỉ ศ ࢆ 3 0 v o l %ྵ ࡴ
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✵ Ẽ ࡜ ࡋ 㸪 ⅊ ࡢ ௜ ╔ ࡀ ࡞ ࠸ ࡜ ࡋ ࡓ ሙ ྜ 㸪 ᚓ ࡽ ࢀ ࡓ ࢹ ࣮ ࢱ ࢆ ࡶ ࡜ ࡟ ࡋ ࡓ

ᩘ ್ ィ ⟬ ࡛ ࡣ ᅇ ཰ ✵ Ẽ   ᗘ ࡣ 6 2 5 K ࡛ ࠶ ࡿ 㸬 ᐇ ᶵ ࡜ ࡢ 㐪 ࠸ ࡜ ࡋ ࡚ 㸪  

( 1 )  ゎ ᯒ ࡋ ࡓ ࣔ ࢹ ࣝ ࡀ ↮ 㐨 ෆ ࡢ ୍ 㒊 ࡛ ࠶ ࡿ  

( 2 )  ఏ ⇕ ⟶ ࡸ ↮ 㐨 ቨ 㠃 ࡢ ௜ ╔ ⅊ ࡟ ࡼ ࡿ ఏ ⇕ ≉ ᛶ ࡢ ኚ ໬  

࡞ ࡝ ࡀ ᣲ ࡆ ࡽ ࢀ ࡿ ࡀ 㸪 ࡇ ࢀ ࡽ ࡢ Ⅼ ࢆ ⪃ ៖ ࡍ ࡿ ࡜ ᐇ ᶵ ࡜ ゎ ᯒ ࣔ ࢹ ࣝ ࡢ ᩘ

್ ゎ ᯒ ࡟ ࡼ ࡿ ᐃ ᛶ ⓗ ẚ ㍑ ࡣ ྍ ⬟ ࡛ ࠶ ࡿ ࡜ ุ ᩿ ࡋ ࡓ 㸬  

ḟ ࡟ ȭ 2 0 0 ×ȭ 1 7 9 ×  2 3 0 0 m m (⅔ ෆ ᭷ ຠ 㛗 1 8 0 0 m m )࡛ ࠶ ࡿ S S i C ኱ ᆺ ఏ

⇕ ⟶ ࡟ ࡼ ࡿ ⇕ ஺ ᥮ ჾ 1 8 ྎ ࢆ ୪ ิ 㓄 ⟶ ࡋ 㸪S S i C ఏ ⇕ ⟶ ࡢ ᭱ 㧗   ᗘ ࢆ 9 0 0 K

࡜ タ ᐃ ࡋ ࡓ ᫬ 㸪 ෆ ⟶ ᚄ ࢆ ᶍ ᘧ ⓗ ࡟ ᣺ ࡗ ࡓ ሙ ྜ ࡢ ᅇ ཰ ✵ Ẽ   ᗘ ࠾ ࡼ ࡧ ᅽ

ຊ ᦆ ኻ ࢆ ィ ⟬ ࡋ ࡓ 㸬ࡇ ࡢ ⤖ ᯝ 㸪ෆ ⟶ ᑍ ἲ ࡀ ȭ 1 1 4ェȭ 1 0 6ェ 1 6 5 0 m m ࡢ ᫬ 㸪

ᑟ ධ ࡉ ࢀ ࡓ ᐊ   ✵ Ẽ 2 9 3 K - 2 5 0 0 m
3
/ h ࡣ   ᗘ 6 2 3 K ࡛ ᅇ ཰ ࡉ ࢀ 㸪ఏ ⇕ ⟶ ࡢ

᭱ 㧗   ᗘ ࡣ 8 9 3 K㸪 ᅽ ຊ ᦆ ኻ ࡣ 4 P a ࡛ ࠶ ࡿ 㸬 ୪ ิ 㓄 ⟶ ࡛ ࡣ ẚ ㍑ ⓗ ప   ࡢ

✵ Ẽ ࢆ ከ 㔞 ࡟ ᅇ ཰ ࡛ ࡁ 㸪 ┤ ิ 㓄 ⟶ ࡛ ࡣ 㧗   ࡢ ⇕ ᅇ ཰ ࡀ ࡛ ࡁ ࡿ 㸬  

 

5 . 3  ᛂ ⏝ ᢏ ⾡  

ᛂ ⏝ ᢏ ⾡ ࡣ 㸪 〇 㐀 ࡉ ࢀ ࡓ 㒊 ᮦ ࡢ ᐇ ド ヨ 㦂 ࡟ ࡼ ࡿ ᛶ ⬟ ☜ ㄆ ࡸ 㸪 ᮦ ᩱ ຎ

໬ ࡞ ࡝ ࡢ ၥ 㢟 Ⅼ ࢆ ᫂ ࡽ ࠿ ࡟ ࡋ ࡚ Ᏻ ඲ ࡟ ᐇ ⏝ ໬ ࡍ ࡿ ࡓ ࡵ ࡢ ᢏ ⾡ ࡛ ࠶ ࡿ 㸬

୍ ⯡ ᗫ Რ ≀ ↝ ༷ ⅔ ࡀ ೵ Ṇ ࡍ ࡿ ஦ ែ ࡟ ࡞ ࡿ ࡜ 㸪 ᆅ ᇦ ♫ ఍ ࡟ ཬ ࡰ ࡍ ᙳ 㡪 ࡀ

኱ ࡁ ࠸ ࡇ ࡜ ࡞ ࡝ ࠿ ࡽ 㸪 ඲ ࡚ ࡢ ᐇ ᶵ ヨ 㦂 ࡣ ஦ ᨾ Ⓨ ⏕ ࡢ ࡞ ࠸ ࡼ ࠺ ࡟ ⣽ ᚰ ࡢ

ὀ ព ࢆ ࡶ ࡗ ࡚ ࡞ ࡉ ࢀ ࡓ 㸬  

 

5 . 3 . 1  ࣛ ࢪ ࢔ ࣥ ࢺ ࢳ ࣗ ࣮ ࣈ    

♫ ఍ ࡛ ࡣ ୺ ࡟ ᑠ ᆺ 㸪ᶵ ⬟ ᮦ ࡜ ࡋ ࡚ 㛤 Ⓨ ࡉ ࢀ ࡚ ࡁ ࡓ S S i C ᮦ ᩱ ࡛ 㸪ᑍ ἲ

ࡀ ȭ 1 8 4ェȭ 1 7 0ェ 2 0 0 0 m m ⛬ ᗘ ࡢ ኱ ᆺ ࢩ ࣥ ࢢ ࣝ ࢚ ࣥ ࢻ ᆺ ࣛ ࢪ ࢔ ࣥ ࢺ ࢳ ࣗ

࣮ ࣈ ࡢ 〇 㐀 ᢏ ⾡ ࢆ ☜ ❧ ࡉ ࡏ 㸪 ࡇ ࢀ ࢆ ∦ ᣢ ࡕ Ỉ ᖹ ᨭ ᣢ ࡉ ࡏ ࡿ ࡇ ࡜ ࡟ ࡼ ࡾ

㧗   ⏕ ⏘ ⅔ ࡟ 㐺 ⏝ ࡋ ࡓ 㸬 ᚑ ᮶ ᮦ ᩱ ࡢ ၥ 㢟 ࡛ ࡣ 㸪 㔠 ᒓ 〇 ࡣ ⅆ ⅖ ࡢ ᙳ 㡪 ࢆ

ཷ ࡅ ▷ ᑑ ࿨ ࡛ ࠶ ࡾ 㸪 ௚ ࡢ ࢭ ࣛ ࣑ ࢵ ࢡ ࢫ ᮦ ᩱ ࡛ ࡣ 㛤 Ⓨ ࡀ 㐍 ࡲ ࡞ ࠿ ࡗ ࡓ 㸬  

ᶵ Ე ⓗ ᙉ ᗘ 㠃 ࡛ ࡣ 㸪 S S i C ኱ ᆺ ࢩ ࣥ ࢢ ࣝ ࢚ ࣥ ࢻ ᆺ ࣛ ࢪ ࢔ ࣥ ࢺ ࢳ ࣗ ࣮ ࣈ

ࢆ ∦ ᣢ ࡕ Ỉ ᖹ ᨭ ᣢ ࡛ タ ⨨ ࡋ ࡚ ࡶ 㸪 ࣇ ࣛ ࣥ ࢪ ࡢ ❧ ࡕ ୖ ࡀ ࡾ 㒊 ศ ࡟ Ⓨ ⏕ ࡍ

ࡿ ᛂ ຊ ࡣ 1 1 . 3 M P a ࡛ ࠶ ࡿ 㸬 ࡇ ࡢ ್ ࡣ ࣡ ࢖ ࣈ ࣝ ศ ᕸ ᅗ ࠿ ࡽ ồ ࡵ ࡓ ᮦ ᩱ ᙉ
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ᗘ ı t = 2 8 4 M P a ࡟ ẚ ࡭ ࡚ ᑠ ࡉ ࠸ 㸬 ∦ ᣢ ࡕ Ỉ ᖹ ᨭ ᣢ ࡉ ࢀ ࡓ ȭ 1 6 4ェȭ 1 4 8ェ

2 1 0 0 m m㸪 㔜 㔞 ⣙ 2 7 k g ࡢ ࣛ ࢪ ࢔ ࣥ ࢺ ࢳ ࣗ ࣮ ࣈ ࡣ 㸪 1 9 9 0 ᖺ ࠿ ࡽ 〇 㕲 ᡤ ࡢ

⤯ ࠼ ࡎ ᣺ ື ࡢ Ꮡ ᅾ ࡍ ࡿ ග ㍤ ⇕ ฎ ⌮ ⅔ ࡟ 5 ᖺ 㛫 ౑ ⏝ ࡋ ࡓ ࡀ 㸪 ࣛ ࢪ ࢔ ࣥ ࢺ

ࢳ ࣗ ࣮ ࣈ ࡢ ᭤ ࡆ ᙉ ࡉ ప ୗ ࡣ ㄆ ࡵ ࡽ ࢀ ࡞ ࠸ 㸬  

⇕ⓗᛶ㉁࡟㛵ࡣ࡚ࡋ㸪኱ᆺࣛࡣࣈ࣮ࣗࢳࢺࣥ࢔ࢪᆶ┤᪉ྥࡸỈᖹ᪉ྥ࡛

ᗘ ࡟㛫ࡢ࡜ഃࢪࣥࣛࣇ㸪ࢀࡉ⨨タ࡟㧗 ⅔ෆࡀഃ➃ࡌᑒ࡚࠸࠾࡟⏝౑ࡢ

ᕪࡶ࡚ࡌ⏕ࢆᶵᲔⓗၥ㢟ࡢⓎ⏕ࡃ࡞ࡣ㸪ࢪࣥࣛࣇᨭᣢࡿࡼ࡟㔠ᒓࡢ࡜⇕⭾

ᙇᕪࡿࡼ࡟ၥ㢟ࡣⓎ⏕࠸࡞ࡋ㸬 SSi C ᮦᩱࡢ J IS ࡿࡼ࡟Ỉ୰ᛴ෭ࡓࡋᣐ‽࡟

ԥ T c ࡣ 4 00㹼 4 50 K ᧁヨ㦂⾪⇕ࡿࡼ࡟↝⇞ࢼ࣮ࣂࡢ㸪ᐇᶵᑍἲ࡛ࡀࡓࡗ࠶࡛

㸪〇㕲ᡤࡣ࡚ࡋ㛵࡟㸬㓟໬ຎ໬࠸࡞ࡣ⏕Ⓨࡢၥ㢟ࡿࡼ࡟࡝࡞ࢫࣞࢺࢫࡣ࡛

㸪㧗 ᵓ㐀ࡽ࠿౑⏝ᚋရゎᯒࡢࣈ࣮ࣗࢳࢺࣥ࢔ࢪࣛࡸຍ⇕⅔㒊ᮦࣈࣛࢫࡢ

ᮦ࡚ࡋ࡜㛗ᮇ㛫౑⏝ࡿ࠼⪏࡟⪏㓟໬ᛶࢆᣢࢆ࡜ࡇࡘ☜ㄆࡓࡋ㸬  

௨ୖࡢⅬࡽ࠿㸪SS iC ኱ᆺࢻ࢚ࣥࣝࢢࣥࢩᆺࣛࡣࣈ࣮ࣗࢳࢺࣥ࢔ࢪ㸪∦ᣢ

㸪ෆࢀࡉุ᩿࡜ࡿ࠶࡛⬟ྍࡀ࡜ࡇࡿࡍ⏝㛗ᮇ㛫㧗 ࡛౑ࡾࡼ࡟Ỉᖹᨭᣢࡕ

⟶㸪እ⟶࡚ࡏࢃྜࢆ⣙ 20 00 ᮏ௨ୖࢆᐇ⏝໬ࡓࡋ㸬  

 

5 . 3 . 2  ᾐ ₕ ⟶    

⁐ ⼥ ள 㖄 ࡵ ࡗ ࡁ ⅔ ࡟ ࠾ ࡅ ࡿ ᚑ ᮶ ᢏ ⾡ ࡟ ࡼ ࡿ ᮦ ᩱ ࡛ ࠶ ࡿ ࢞ ࢫ ↏ ࡁ ᢞ

ࡆ ㎸ ࡳ ᆺ ࡢ S i C - C ㉁ ⪏ ⅆ ≀ ᾐ ₕ ⟶ ࡣ 㸪 㓟 ໬ ຎ ໬ ࡟ ࡼ ࡾ ▷ ᑑ ࿨ ࡛ ࠶ ࡾ 㸪

ప ᙉ ᗘ ࡛ ࠶ ࡿ ࡓ ࡵ ኱ ᆺ ໬ ࡀ ᅔ 㞴 ࡛ ࠶ ࡿ 㸬 ࡇ ࢀ ࡟ ᑐ ࡋ ࡚ S S i C 㒊 ᮦ ࡟ ࡼ

ࡾ 㸪㛗 ࡉ ⣙ 2 m㸪࠾ ࡼ ࡧ ┤ ᚄ ȭ 3 1 0 m m ࡢ ኱ ᆺ ᾐ ₕ ⟶ ࢆ ᐇ ⏝ ໬ ࡋ ࡓ 㸬኱

ᆺ ᾐ ₕ ⟶ ࡣ 㸪⅔ ᗏ ഃ ࡜ ‮ 㠃 ୖ ഃ ࡜ ࡢ 㛫 ࡛   ᗘ ᕪ ࢆ ⏕ ࡌ ࡿ ࡇ ࡜ ࡛ ᛂ ຊ ࢆ

Ⓨ ⏕ ࡋ 㸪ࣜ ࢪ ࢙ ࢿ ࣞ ࢖ ࢸ ࢕ ࣈ ࣂ ࣮ ࢼ ࡟ ࡼ ࡾ ⧞ ࡾ ㏉ ࡋ ᛴ ⇕ ᛴ ෭ ࡉ ࢀ ࡚ ࡶ

ၥ 㢟 ࡢ Ⓨ ⏕ ࡣ ࡞ ࠸ 㸬   

ᐇ ⏝ ໬ ࡍ ࡿ ୖ ࡛ ࡢ ᭱ ࡶ ኱ ࡁ ࡞ ၥ 㢟 Ⅼ ࡣ 㸪 ᾐ ₕ ⟶ ࡢ እ 㠃 ࡣ ⁐ ⼥ ள 㖄 ࡜

⅔ ෆ 㞺 ᅖ Ẽ ࡜ ࡟ ᥋ ゐ ࡍ ࡿ ࡀ 㸪 ࡑ ࢀ ࡒ ࢀ ࡢ 㒊 ఩ ࡛ ࡢ ⇕ ఏ 㐩 ⋡ ࡀ ␗ ࡞ ࡿ ࡓ

ࡵ ᾐ ₕ ⟶ ࡢ ‮ 㠃 ࢆ ቃ ⏺ ࡜ ࡍ ࡿ   ᗘ ᕪ ࡟ ࡼ ࡾ Ⓨ ⏕ ࡍ ࡿ ᛂ ຊ ࡛ ࠶ ࡿ 㸬 ࡇ ࡢ

ᛂ ຊ ࡢ Ⓨ ⏕ ఩ ⨨ ࡜ ኱ ࡁ ࡉ ࢆ 㸪 ᾐ ₕ ⟶ ෆ ࡢ     ࡜ ᭷ 㝈 せ ⣲ ἲ ࡛ ☜ ࠿ ࡵ 㸪

ᾐ ₕ ⟶ ෆ ࡟ ᩿ ⇕ ⟄ ࢆ タ ࡅ ࡿ ࡇ ࡜ ࡟ ࡼ ࡾ ⦆ ࿴ ࡋ ࡓ 㸬᩿ ⇕ ⟄ ࢆ タ ⨨ ࡍ ࡿ ࡜ 㸪

ᾐ ₕ ⟶ ࡟ Ⓨ ⏕ ࡍ ࡿ   ᗘ ᕪ ࡣ ᩿ ⇕ ⟄ ࡀ ↓ ࠸ ሙ ྜ ࡟ ẚ ࡭ 1 0 0 K ᑠ ࡉ ࡃ ࡞ ࡾ 㸪
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Ⓨ ⏕ ࡍ ࡿ ᛂ ຊ ࡣ 5 1 . 5 M P a ࠿ ࡽ 2 2 . 5 M P a ࡟ ༙ ῶ ࡍ ࡿ 㸬 ᩿ ⇕ ⟄ ࡢ タ ⨨ ຠ ᯝ

࡟ ࡼ ࡾ Ⓨ ⏕ ᛂ ຊ ࡣ ༙ ῶ ࡋ 㸪Ᏻ ᐃ ᧯ ᴗ ࡀ ྍ ⬟ ࡟ ࡞ ࡗ ࡓ 㸬㛗 ᑻ ᾐ ₕ ⟶ ࡛ ࡣ 㸪

ࣂ ࣮ ࢼ Ⅼ ⅆ ᫬ ࡸ O N - O F F ไ ᚚ ᫬ ࡢ ᛴ ㏿ ຍ ⇕ ࡟ ࡼ ࡿ ⇕ ⾪ ᧁ ࡢ ᙳ 㡪 ࡣ ㄆ ࡵ

ࡽ ࢀ ࡞ ࠸ 㸬 ࡲ ࡓ 㸪 Ⓨ ⏕ ⇕ ᛂ ຊ ࡟ ᑐ ࡋ ࡚ ᩿ ⇕ ⟄ ᮦ ㉁ ࡢ ⇕ ఏ ᑟ ⋡ ࡀ ୚ ࠼ ࡿ

ᙳ 㡪 ࡣ ᑠ ࡉ ࡃ 㸪 ᩿ ⇕ ⟄ ᮦ ࡣ ⪏ ⅆ ᛶ ࡀ ࠶ ࢀ ࡤ ᮦ ㉁ ࡟ ࡇ ࡔ ࢃ ࡽ ࡞ ࠸ 㸬  

ࣜ ࢪ ࢙ ࢿ ࣞ ࢖ ࢸ ࢕ ࣈ ࣂ ࣮ ࢼ ࢆ ⿦ ╔ ࡋ ࡓ ᾐ ₕ ⟶ ࡢ ┤ ᚄ ࡣ ȭ 3 1 0  m m ࡛ ࠶

ࡿ ࡀ 㸪 ⁐ ⼥ ள 㖄 ࡵ ࡗ ࡁ ⅔ ࡢ ᐇ ᶵ ホ ౯ ࡛ ࡣ  4 ᖺ 㛫 ✌ ാ ࡋ ࡓ ᚋ ࡛ ࡶ 㸪 ⤌ ⧊

ෆ ࡬ ࡢ ள 㖄 ࡢ ᾐ ㏱ ࡸ 㸪 ⇕ ఏ ᑟ ⋡ ࡢ ప ୗ ࡣ ㄆ ࡵ ࡽ ࢀ ࡞ ࠸ 㸬 ࡇ ࡢ ࡇ ࡜ ࠿ ࡽ

⣙ 3 0 ⛊ ẖ ࡟ ⇞ ↝ ᪉ ྥ ࡀ ษ ࡾ ᭰ ࢃ ࡿ ࣂ ࣮ ࢼ ⅆ ⅖ ࡟ ࡼ ࡿ ⇕ ⾪ ᧁ ࡢ ᙳ 㡪 ࡣ ࡞

࠸ ࡜ ุ ᩿ ࡛ ࡁ ࡿ 㸬   

ࡲ ࡓ 㸪 㛗 ᑻ ⟶ ࡛ ࠶ ࡿ ࡀ ᨾ ࡢ ၥ 㢟 ࡛ ࠶ ࡿ ࡀ 㸪 ᩳ ࡵ ࡟ ᾐ ₕ ࡉ ࡏ ࡓ ሙ ྜ ࡟

Ⓨ ⏕ ࡍ ࡿ ⁐ ⼥ ள 㖄 ࡢ ᾋ ຊ ࡟ ࡼ ࡿ ᛂ ຊ ࢆ ồ ࡵ ࡓ 㸬㛗 ࡉ  2 m ࡢ ᾐ ₕ ⟶ ࢆ 1 2ま

ഴ ᩳ ࡉ ࡏ ࡿ ࡜ Ⓨ ⏕ ࡍ ࡿ ᭱ ኱ ᛂ ຊ ࡣ 1 0 . 8 M P a ࡛ ࠶ ࡿ 㸬 ࡇ ࡢ ᛂ ຊ ್ ࡣ S S i C

ᮦ ᩱ ࡢ ᙉ ᗘ ࡜ ẚ ㍑ ࡋ ࡚ ᑠ ࡉ ࠸ ࡇ ࡜ ࠿ ࡽ ၥ 㢟 ࡣ ࡞ ࠸ 㸬  

௨ ୖ ࡢ ࡇ ࡜ ࠿ ࡽ ኱ ᆺ S S i C ᾐ ₕ ⟶ ࡣ 㸪ᾐ ₕ స ᴗ ୖ 㸪࠾ ࡼ ࡧ ✌ ാ ୰ ࡟ ࠾

࠸ ࡚ ၥ 㢟 ࡢ Ⓨ ⏕ ࡣ ࡞ ࠸ ࡜ ุ ᩿ ࡋ 㸪 ⣙ 2 0 0 ᮏ ࢆ ᐇ ⏝ ໬ ࡋ ࡓ 㸬  

 

5 . 3 . 3  ఏ ⇕ ⟶    

ᗫ Რ ≀ ↝ ༷ ⅔ ࡢ ᚑ ᮶ ᢏ ⾡ ࡟ ࡼ ࡿ ⇕ ᅇ ཰ ࡣ 㸪 Ỉ ෭ ቨ ෆ ࡟ ᇙ タ ࡉ ࢀ ࡓ Ỉ

⟶ ࡸ 㸪 ⪏ ⅆ ≀ ࡛ ⿕ そ ࡉ ࢀ Ỉ ⟶ ࡛ ࡞ ࡉ ࢀ ࡿ ࡀ 㸪 ⇕ ຠ ⋡ ࡣ Ⰻ ࡃ ࡞ ࡃ 㸪 㔠 ᒓ

〇 ࡢ Ỉ ⟶ ࡣ 㧗   ᤼ ࢞ ࢫ ࠾ ࡼ ࡧ ప   ᤼ ࢞ ࢫ ࡟ ࡼ ࡾ ⭉ 㣗 ࡉ ࢀ ࡿ 㸬 ↝ ༷ ᫬ ࡟

⏕ ࡌ ࡿ ⅊ ࡀ ఏ ⇕ ⟶ ࡟ ௜ ╔ ࡍ ࡿ ࡜ ⇕ ຠ ⋡ ࡢ ప ୗ ࡸ ⭉ 㣗 ࡢ ཎ ᅉ ࡟ ࡞ ࡿ ၥ 㢟

ࡀ ࠶ ࡿ 㸬  

ࡇ ࢀ ࡟ ᑐ ࡋ ࡚ S S i C ఏ ⇕ ⟶ ࡣ ᤼ ࢞ ࢫ ୰ ࡟ ᭀ 㟢 ࡋ ࡚ ⏝ ࠸ ࡿ ࡇ ࡜ ࡀ ྍ ⬟ ࡛

࠶ ࡾ 㸪 㧗   ᇦ ࡛ ࡢ ⇕ ஺ ᥮ ヨ 㦂 ࡣ ᑍ ἲ ȭ 9 0 ×ȭ 7 6 × 1 6 0 0 m m ࡢ ᑠ ᆺ ఏ ⇕ ⟶

࡟ ࡼ ࡾ ⇕ ศ ゎ ࢞ ࢫ ໬ ⁐ ⼥ ⅔ ࡢ ᐇ ᶵ ᤼ ࢞ ࢫ ࢆ ⏝ ࠸ ࡚ ᐇ ᪋ ࡋ ࡓ 㸬 ヨ 㦂 ࡣ 2

ྎ ࡢ ⇕ ஺ ᥮ ჾ ࢆ ┤ ิ ࡟ 㓄 ⟶ ࡋ 㸪 ᑟ ධ ࡉ ࢀ 2 9 0 K - 7 9 . 2 m
3
[ n o r m a l ] / h ࡢ ✵ Ẽ

ࡣ ⣙ 1 2 0 0 K ࡢ ᤼ ࢞ ࢫ ࡜ ࡢ ⇕ ஺ ᥮ ࡟ ࡼ ࡾ 㸪 1 ྎ ┠ ࡢ ⇕ ஺ ᥮ ჾ ฟ ཱྀ   ᗘ ࡣ

6 0 0 K ࡟ ࡞ ࡿ 㸬2 ྎ ┠ ࡢ ⇕ ஺ ᥮ ჾ ࡛ ࡣ 8 0 0 K ࡛ ᅇ ཰ ࡉ ࢀ ࡿ 㸬ࡇ ࡢ ࡇ ࡜ ࡣ ᚲ
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せ ࡜ ࡍ ࡿ   ᗘ ࡜ ✵ Ẽ 㔞 ࡟ ࡼ ࡗ ࡚ ྎ ᩘ ࡜ ẁ ᩘ ࢆ Ỵ ࡵ ࡿ ࡇ ࡜ ࡟ ࡼ ࡾ ᭱ 㐺 ࡞

᤼ ⇕ ᅇ ཰ ࡀ ྍ ⬟ ࡛ ࠶ ࡿ ࡇ ࡜ ࢆ ♧ ࡍ 㸬   

ప ᤼࢞ࡣࢫ㈗㔜࡞ᮍ฼⏝࢚ࡀࡿ࠶࡛※ࢠࣝࢿ㸪⭉㣗ࡢ࡝࡞ၥ㢟ࡼ࡟

ࡵࡓࡢࡇ㸬࠸࡞ࡀヨ㦂タഛ࡞㸪㐺ษࡾ࠶࡛≦⌧ࡀࡢ࠸࡞࠸࡚ࢀࡉᐇ᪋ࡾ

ᮏ◊✲࡛ࡢప ᇦ⇕஺᥮ヨ㦂ࡣ㸪㣬࿴Ỉ⵨Ẽ࡛Ỉࢆຍ⇕ࡋ㸪ఏ⇕⟶ࡢᛶ

ᯝ㸪0⤖ࡢࡑ㸬ࡓࡋㄆ☜ࢆ⬟ .25㹼 0 .4 5MP a ᣓఏ⇕ಀ⥲ࡿࡼ࡟㣬࿴Ỉ⵨Ẽࡢ

ࡣᩘ 6 . 1㹼 4 . 5kW / ( m
2࣭ K 㸪ࡀࡿࢀࡉ⏝౑࡟ᗫᲠ≀Ⓨ㟁ࡣ㸬Ỉ⵨Ẽࡿ࠶࡛(

SSiC ఏ⇕⟶ࡣ㓟㟢Ⅼᇦ࡛ࡢ⭉㣗ࡢᠱᛕࡽ࠿࡜ࡇ࠸࡞࡝ࢇ࡜࡯ࡀ㸪ప ᤼

ຠᯝ࡚ࡋ࡜⟶⇕ఏࡿࡍ⇕ຍࢆ㸪Ỉࡸ⇕෌ຍࡢỈ⵨Ẽࡓࡋຎ໬ࡿࡼ࡟ࢫ࢞

ⓗ࡛ࡿ࠶㸬Ỉࡢຍ⇕ヨ㦂࡛ࡣ㸪 SSi C ఏ⇕⟶⾲㠃ࡢ㐀⢏⢊ࡿࡼ࡟พฝࡀ᰾

Ἓ㦐ఏ⇕ࡢάᛶẼἻ᰾࡚ࡋ࡜ఏ⇕ྥୖ࡟ᐤ୚ࡿࡍ㸬   

ḟ ࡟ ᐇ ᶵ ࡟ ࡼ ࡿ ప   ⭉ 㣗 ヨ 㦂 ࢆ ࡋ ࡓ 㸬 タ ഛ ࡣ ୍ ⯡ ᗫ Რ ≀ ↝ ༷ ⅔ ࡢ ᤼  

↮ Ὑ ί ሪ ࡛ ࠶ ࡿ 㸬 ᤼ ࢞ ࢫ ࡣ 㸪 ⭉ 㣗 ࡟ ᙳ 㡪 ࡍ ࡿ ୺ ࡞ ᤼ ࢞ ࢫ ᡂ ศ ࡜ ࡋ ࡚  

2 8 v o l %Ỉ ศ ࡜ 㸪 3 0 0 p p m H C l㸪 3 0 p p m S O x ࡑ ࢀ ࡟ 1 2 0 p p m N O x ࢆ ྵ ࡳ 㸪    

ᗘ ⣙ 3 4 0 K㸪 ὶ 㔞 ࡣ 6 5 0 0 0 m
3
[ n o r m a l ] / h ࡛ ࠶ ࡿ 㸬 ヨ 㦂 ࡟ ౪ ࡋ ࡓ ఏ ⇕ ⟶ ᮦ  

ᩱ ࡣ 㸪 ỗ ⏝ ࡢ Ỉ ⵨ Ẽ ࣄ ࣮ ࢱ ⟶ ࡜ ࡋ ࡚ ౑ ⏝ ࡉ ࢀ ࡚ ࠸ ࡿ S U S 3 1 6 L㸪 ࢳ ࢱ ࣥ  

H 4 6 3 5 ࡛ ࠶ ࡿ 㸬4 ࢣ ᭶ 㛫 ᤼ ࢞ ࢫ ࡟ ᭀ 㟢 ࡋ ࡓ ⤖ ᯝ 㸪S U S 3 1 6 L ⟶ ࡣ ✰ ࡀ ࠶ ࡁ 㸪  

ࢳ ࢱ ࣥ ⟶ ࡣ ✰ ࡣ 㛤 ࠿ ࡞ ࠿ ࡗ ࡓ ࡀ 㸪 ⟶ ⾲ 㠃 ࡢ ௜ ╔ ≀ ࢆ ศ ᯒ ࡋ ࡓ ࡜ ࡇ ࢁ ࢳ  

ࢱ ࣥ ࡀ ㄆ ࡵ ࡽ ࢀ ࡓ ࡇ ࡜ ࠿ ࡽ ࢳ ࢱ ࣥ ⟶ ࡣ ⭉ 㣗 ࡉ ࢀ ࡓ ุ ᩿ ࡛ ࡁ ࡿ 㸬 ࡇ ࢀ ࡟  

ᑐ ࡋ ࡚ S S i C ఏ ⇕ ⟶ ࡣ 㸪ở ࢀ ࡣ ௜ ╔ ࡋ ࡚ ࠸ ࡓ ࡀ ⭉ 㣗 ࡣ ㄆ ࡵ ࡽ ࢀ ࡞ ࠿ ࡗ ࡓ 㸬 

୍⯡ᗫᲠ≀ࡢ↝༷᫬࡟Ⓨ⏕ࡿࡍ↝༷⅊㔞ࡣᗫᲠ≀㔜㔞ࡢ⣙ 10 㸪ࡾ࠶࡛%

ᨺ⨨࡜ࡿࡍఏ⇕⟶ࡀ⅊࡟௜╔ࡵࡓࡿࡍ௜╔⅊ࢆ㝖ཤࡿࡍᚲせࡿ࠶ࡀ㸬25 ᪥

㛫✌ാࡓࡋ SSiC ⇕஺᥮ჾࡢᅇ཰✵Ẽ ᗘࡣ✌ാึᮇࡢ 7 00 K ࡽ࠿ 50 0 K ࡟

పୗࡓࡋ㸬ఏ⇕⟶ᚑ᮶ᢏ⾡࡛ࡣ㸪௜╔⅊ࡣỈ⵨Ẽࢆ྿ࡁ௜ࣟࣈࢺ࣮ࢫࡿࡅ

࣮᧯సࡾࡼ࡟㝖ཤࡀࡓࡁ࡚ࢀࡉ㸪ᗫᲠ≀Ⓨ㟁ຠ⋡ࢆ㧗ࡣ࡟ࡿࡍࡃỈ⵨Ẽࢆ

↓㥏࠸࡞ࡁ࡛࡟ၥ㢟ࡿ࠶ࡀ㸬࡟ࢀࡇᑐ࡚ࡋ SS iC ఏ⇕⟶ࡢ௜╔⅊㝖ཤࡣ㸪ఏ

⬟ྍࡾࡼ࡟ࢺࢫࣛࣈࢻࣥࢧࡽ࠿࡜ࡇ࠸ࡉᑠ࡚ࡵᴟࡀࢪ࣮࣓ࢲࡿࡍᑐ࡟⟶⇕

ࡀ࡜ࡇࡿࡍ⏝౑࡚ࡋ⥆⥅ࡾࡼ࡟࡜ࡇࡿࡍ㝖ཤࢆ⅊╔௜ࡣ࡜ࡇࡢࡇ㸬ࡿ࠶࡛

࠸⏝ࢆẆ࠼⇞ࡢ࡛࡝࡞ⅣⅆຊⓎ㟁ᡤ▼࡟㸬௒ᚋ㸪◊ᤲᮦࡍ♧ࢆ࡜ࡇࡿࡁ࡛
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㸬SSࡿࡁ࡛ࡀ࡜ࡇࡿࡍ⌮ฎ࡟ᵝྠ࡜⅊༷↝ࡢ≀㸪ᚋᕤ⛬࡛ᗫᲠ࡜ࡿ iC ኱ᆺ

ఏ⇕⟶ࡣᅜෆእ࡛⣙ 1 50 0 ᮏࡀ✌ാࡿ࠸࡚ࡋ㸬  

 

5 . 3 . 4  ⏘ ᴗ ࡬ ࡢ ㈉ ⊩  

S S i C ኱ ᆺ 㒊 ᮦ ࡣ 㸪 ᚑ ᮶ ᢏ ⾡ ࡟ ࡼ ࡿ ᮦ ᩱ ࡛ ࡣ ౑ ⏝ ᅔ 㞴 ࡞ 㧗   㸪 ⭉ 㣗 ᛶ

㞺 ᅖ Ẽ ࡞ ࡝ ࡢ ຎ ᝏ ࡞ ⎔ ቃ ୗ ࡛ ౑ ⏝ ࡍ ࡿ ࡇ ࡜ ࡟ ࡼ ࡾ 㸪 ୗ グ ࡢ 㡯 ┠ ࡟ ᐤ ୚

ࡍ ࡿ 㸬  

ձ ┬ ࢚ ࢿ ࣝ ࢠ  

ղ ᗫ Რ ≀ ࡢ ప ῶ  

ճ ࢺ ࣮ ࢱ ࣝ ࢥ ࢫ ࢺ ࡢ ప ῶ  

ձ ࡛ ࡣ 㸪 S S i C ᮦ ᩱ ࡀ ⪏ ⇕ ᛶ ࡟ ඃ ࢀ ࡚ ࠸ ࡿ ࡇ ࡜ ࡣ ▱ ࡽ ࢀ ࡚ ࠸ ࡓ ࡀ 㸪 ᨺ ᑕ

⋡ 㸪⇕ ఏ ᑟ ⋡ ࡀ 㧗 ࡃ 㸪⫗ ⷧ ࡛ ఏ ⇕ 㠃 ✚ ࡢ ኱ ࡁ ࡞ S S i C ኱ ᆺ ᵓ 㐀 㒊 ᮦ ࡣ ఏ

⇕ ࡟ ᭷ ฼ ࡛ ࠶ ࡾ 㸪 ┬ ࢚ ࢿ ࣝ ࢠ ࡟ ࡘ ࡞ ࡀ ࡿ 㸬 ղ ࡛ ࡣ 㸪 ⎔ ቃ ၥ 㢟 ࠿ ࡽ ⮬ ື

㌴ ⏘ ᴗ ࢆ ࡣ ࡌ ࡵ ከ ࡃ ࡢ 〇 㐀 ᴗ ࡛ ᗫ Რ ≀ ప ῶ ࡀ ྉ ࡤ ࢀ ࡚ ࠸ ࡿ ࡀ 㸪 㧗   ࡛

᧯ ᴗ ࡉ ࢀ ࡿ ⏕ ⏘ ⅔ ࡣ ᗫ Რ ≀ Ⓨ ⏕ ࡢ ከ ࠸ タ ഛ ࡢ ࡦ ࡜ ࡘ ࡛ ࠶ ࡿ 㸬 ࡇ ࡢ ࡓ ࡵ

S S i C ኱ ᆺ ᵓ 㐀 㒊 ᮦ ࢆ ⏝ ࠸ ࡿ ࡜ 㸪 ⇕ ⓗ ᦆ യ ࡀ ᑡ ࡞ ࡃ 㛗 ᑑ ࿨ ࡛ ࠶ ࡿ ࡇ ࡜ ࡣ

ᗫ Რ ≀ ప ῶ ࡟ ᐤ ୚ ࡍ ࡿ 㸬 ճ ࡛ ࡣ 㸪 S S i C ኱ ᆺ ࣛ ࢪ ࢔ ࣥ ࢺ ࢳ ࣗ ࣮ ࣈ ࢆ ∦ ᣢ

ࡕ Ỉ ᖹ ᨭ ᣢ ࡛ ౑ ⏝ ࡋ ࡓ ሙ ྜ ࡢ 〇 ရ ᑑ ࿨ ࡣ ⪏ ⇕ 㗰 〇 ࡢ 2 ಸ ௨ ୖ ࡟ 㐩 ࡋ 㸪

ࢺ ࣮ ࢱ ࣝ ࢥ ࢫ ࢺ 㠃 ࡛ ౑ ⏝ ⪅ ࡟ ฼ ┈ ࢆ ࡶ ࡓ ࡽ ࡍ 㸬 ௚ ࡢ ⏝ ㏵ ࡟ ࠾ ࠸ ࡚ ࡶ ࣓

ࣥ ࢸ ࢼ ࣥ ࢫ ࡀ ᑡ ࡞ ࡃ 㸪 〇 ရ ᑑ ࿨ ࡀ 㛗 ࠸ ࡇ ࡜ ࡣ 㸪 㒊 ᮦ ࡢ ஺ ᥮ 㢖 ᗘ ࢆ ῶ ᑡ

ࡉ ࡏ 㸪 ⏕ ⏘ ࣛ ࢖ ࣥ ࡢ ೵ Ṇ 㸪 ❧ ୖ ࡆ ࡸ ⏕ ⏘ ㄪ ᩚ ࡟ せ ࡍ ࡿ ࢚ ࢿ ࣝ ࢠ ࠾ ࡼ ࡧ

ே ௳ ㈝ ࡞ ࡝ ࡢ ࢥ ࢫ ࢺ ప ῶ ࡟ ᐤ ୚ ࡍ ࡿ 㸬 ࡇ  ࡢ ࡯ ࠿ ࡢ 㛗 ᡤ ࡜ ࡋ ࡚ ࡣ 㸪 S S i C

኱ ᆺ ᵓ 㐀 㒊 ᮦ ࡢ 〇 㐀 ࡟ ࡣ ᕼ ᑡ 㔠 ᒓ ࢆ ⏝ ࠸ ࡿ ᚲ せ ࡢ ࡞ ࠸ ࡇ ࡜ ࡀ ࠶ ࡆ ࡽ ࢀ

ࡿ 㸬 ⪏ ⇕ 㗪 㗰 ࡸ ⪏ ⇕ ྜ 㔠 〇 ရ ࡢ 〇 㐀 ࡣ 㸪 ᡃ ࡀ ᅜ ࡛ ࡣ ⏘ ฟ ࡉ ࢀ ࡞ ࠸ ከ ࡃ

ࡢ ᕼ ᑡ 㔠 ᒓ ࢆ ᚲ せ ࡜ ࡍ ࡿ ࡓ ࡵ ᅜ 㝿 ⓗ ࡞ ౯ ᱁ ኚ ື ࡢ ᙳ 㡪 ࢆ ཷ ࡅ ࡸ ࡍ ࠸ 㸬

⪏ ⇕ 㗰 ࡢ ⪏ ⇕ ᛶ ࡸ ⪏ ⭉ 㣗 ᛶ ᨵ ၿ ࡟ ୙ ྍ Ḟ ࡞ ࢽ ࢵ ࢣ ࣝ ࡣ 㸪 2 0 0 2 ᖺ ࡢ ౯ ᱁

ࡀ 6 . 7 8 U S ࢻ ࣝ / k g  ࡛ ࠶ ࡗ ࡓ ࡀ 㸪 2 0 0 7 ᖺ ࡟ ࡣ ᛴ 㦐 ࡋ ⣙ 5 . 5 ಸ ࡢ 3 7 . 2 8 U S

ࢻ ࣝ / k g ࡟ ࡞ ࡗ ࡓ ࡇ ࡜ ࠿ ࡽ 㸪ᡃ ࡀ ᅜ ⏘ ᴗ ⏺ ࡢ 㟂 ⤥ 㛵 ಀ ࡣ ΰ ஘ ࡋ ࡓ 㸬௒ ᚋ

ࡣ ᪂ ⯆ ᅜ ࡢ ᾘ ㈝ 㔞 ቑ ኱ ࡞ ࡝ ࡟ ࡼ ࡿ ㈨ ※ ୙ ㊊ ࡀ ᠱ ᛕ ࡉ ࢀ ࡿ 㸬  
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➨ 6 ❶  ⤖ㄽ  

௨ୖ㏙࡟࠺ࡼࡓ࡭㸪SSiC ኱ᆺࢻ࢚ࣥࣝࢢࣥࢩᆺࢆࣈ࣮ࣗࢳ㸪ᨺᑕຍ⇕⏝

㸪⟶ₕᾐࡿࡍ⇕ຍࢆ‮⁐᥋┤࡚ࡋᾐₕ࡟㸪⁐⼥ள㖄ࣈ࣮ࣗࢳࢺࣥ࢔ࢪࣛࡢ

ᗫࡿࡍ⇕ᢤࢆ⇕ࡽ࠿㸪⅔ෆࡀࡿ࡞࡟㏫ࡣࢀὶࡢ⇕ࡣ࡜㏵⏝ࡢࡽࢀࡇࡧࡼ࠾

Რ≀↝༷⅔⇕஺᥮ჾఏ⇕⟶࡚ࡋ࡜ᐇ⏝໬ࡓࡋ㸬   

 

( 1 )   S S i C ኱ ᆺ ᵓ 㐀 㒊 ᮦ ࢆ 㸪 ࡑ ࢀ ࡒ ࢀ ࡢ ⏝ ㏵ ࡛ Ᏻ ඲ ࡟ ᐇ ⏝ ໬ ࡋ ࡓ 㸬  

( 2 )   S S i C ኱ ᆺ ᵓ 㐀 㒊 ᮦ ࢆ ⏝ ࠸ ࡿ ࡇ ࡜ ࡟ ࡼ ࡾ ⌧ ≧ ࡢ ၥ 㢟 ࢆ ゎ Ỵ ࡋ 㸪  

㧗 ᛶ ⬟ ໬ ࡋ ࡓ 㸬  

( 3 )   ᚑ ᮶ ᢏ ⾡ ࡟ ࡼ ࡿ ᮦ ᩱ ࡛ ࡣ ౑ ⏝ ᅔ 㞴 ࡞ ຎ ᝏ ⎔ ቃ ୗ ࡛ ࡶ 㛗 ᮇ 㛫 ౑ ⏝  

ྍ ⬟ ࡛ ࠶ ࡗ ࡚ 㸪  

࣭ ┬ ࢚ ࢿ ࣝ ࢠ ࣮        

࣭ 㛗 ᑑ ࿨ ໬ ࡟ ࡼ ࡿ ᗫ Რ ≀ ࡢ ప ῶ    

ࢺ࣭ ࣮ ࢱ ࣝ ࢥ ࢫ ࢺ ࡢ ప ῶ ࡢ ࣓ ࣜ ࢵ ࢺ ࡀ ࠶ ࡿ ࡇ ࡜ ࢆ ᫂ ࡽ ࠿ ࡟ ࡋ ࡓ 㸬 

 

㸪௒ᚋࡀࡿࡍ஢⤊ࡣ✲◊ࡢࡇ SSi C ᮦᩱࡢᑑ࿨ண ࡿࡍࢆタィᢏ⾡ࡢ☜❧

ࡀ㐺⏝ศ㔝ࡾࡼ࡟ᒎ㛤ࡢ⾡ᛂ⏝ᢏࡢ㸪␗ᙧ≧㒊ᮦࡋᐤ୚࡟⏝Ᏻ඲౑ࡾࡼ࡟

ᗈࡿࢀࡽ࠼⪄࡜ࡿࡀ㸬                      ௨ୖ  
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ㅰ㎡  

 

ᮏ◊✲ࡾࡓ࠶࡟ࡿࡵ࡜ࡲࢆ㸪ᅜኈ⯓኱Ꮫ⌮ᕤᏛ㒊ᓊᮏ  ೺ᩍᤵ࡟Ꮫ఍

ㄽᩥࡢᢞ✏ࡵࡌࡣࢆ୎ᑀࡈ࡞ᣦᑟࢆ㈷࡟࡜ࡇࡓࡋࡲࡾᚰࡽ࠿ឤㅰࢆ⏦

࡜ࡲࢆᮏㄽᩥࡣ࡟ᮏ⏣ᗣ⿱ᩍᤵ㸪኱㧗ᩄ⏨ᩍᤵ࡟ࡧࡽ࡞㸬ࡍࡲࡆୖࡋ

ୖࡋ⏦♩࠾ࡽ࠿ᚰ࡟࡜ࡇࡓࡋࡲࡁࡔࡓ࠸ࢆᣦᑟࡈ࡞ヲ⣽ࡾࡓ࠶࡟ࡿࡵ

㸬ࡍࡲࡆ  

ᮾி࢞ࢫओ⏘ᴗ࢚࣮ࢠࣝࢿ஦ᴗ㒊⇞↝ᢏ⾡㢳ၥ௰⏫୍㑻ᵝ㸪୪࡟ࡧ

஦ᴗ㒊ࡢⓙᵝ㸪ࡧࡼ࠾୰እ⅔ᕤᴗओ࣒ࢸࢫࢩ࣮ࣔࢧ஦ᴗ㒊ࡢⓙᵝࡽ࠿

ឤㅰࡃ῝࡟࡜ࡇࡓࡋࡲࡁࡔࡓ࠸ࢆᣦᑟࡈࡿࡍ㛵࡟ࣈ࣮ࣗࢳࢺࣥ࢔ࢪࣛ

㸬ࡍࡲࡆୖࡋ⏦  

ᮾ㑥࢞ࢫओ⥲ྜᢏ⾡◊✲ᡤᴗົ⏝⇞↝ᶵჾࡢࣉ࣮ࣝࢢⓙᵝࡽ࠿┿✵

ᾐⅣ⅔࡟㛵ࡈࡿࡍຓゝ࡟࡜ࡇࡓࡋࡲࡁࡔࡓ࠸ࢆឤㅰ⏦ࡍࡲࡆୖࡋ㸬  

⁐⼥ள㖄ᾐₕ⟶࡟㛵ࡣ࡚ࡋ㸪኱㜰࢞ࢫओ࢚࣮ࢠࣝࢿ஦ᴗ㒊ࡢⓙᵝ㸪

୪୕࡟ࡧᘓ⏘ᴗओ⾲㠃ฎ⌮஦ᴗࣘࡢࢺࢵࢽⓙᵝࡽ࠿㈗㔜ࡈ࡞ຓゝ࠸ࢆ

㸬ࡍࡲࡋࡓ࠸ឤㅰࡃ῝࡟࡜ࡇࡓࡋࡲࡁࡔࡓ  

घ㟁ຊ୰ኸ◊✲ᡤྂ㇂ṇ⿱ᵝࡣ࡟㸪Ỉ⵨Ẽࡿࡼ࡟⇕஺᥮ჾ࡟✲◊ࡢ

㛵ࡿࡍヨ㦂࡛㸪タഛࡢ౑⏝ࡈࡧࡼ࠾ຓゝࡃ῝࡟࡜ࡇࡓࡋࡲࡁࡔࡓ࠸ࢆ

㸬ࡍࡲࡆୖࡋ⏦♩࠾  

ᮾி࢞ࢫओ㒔ᕷ࢚࣮ࢠࣝࢿ஦ᴗ㒊බ┈Ⴀᴗ㒊ࡢⓙᵝࡣࡽ࠿⇕஺᥮ჾ

㸬ࡍࡲࡋࡓ࠸ឤㅰ࡟࡜ࡇࡓࡋࡲࡁࡔࡓ࠸ࢆ᝟ሗࡿࡍ㛵࡟  

ᮏㄽᩥࡀ⪅➹ࡣ✲◊ࡢᡤᒓࣝ࢔ࣜࢸ࣐ࢺࣥࣞࣂࢥࡓࡋओ (ᪧྡᮾⰪ

ओࢫࢡࢵ࣑ࣛࢭ ࠶࡛ࡢࡶࡓࡗ⾜஦ᴗ㒊࡛ࢫࢡࢵ࣑ࣛࢭࢺࢫࣥࣂࢻ࢔(

ᛌㅙࡾࡓ࠶࡟ࡿࡵ࡜ࡲࢆᮏㄽᩥࡽ࠿㛗὾ᩄኵᵝࡢ㸬௦⾲ྲྀ⥾ᙺ♫㛗ࡿ

ࢣᖖᅽ↝⤖Ⅳ໬ࡣ࡟ⓙᵝࡢ஦ᴗ㒊ࢫࢡࢵ࣑ࣛࢭࢺࢫࣥࣂࢻ࢔㸪ࡾ㈷ࢆ

ࡓ࠸ឤㅰࡃ῝࡟࡜ࡇࡓࡋࡲࡁࡔࡓ࠸ࢆຓຊࡈࡢヨ㦂ࡸ〇㐀ࡢ⣲ᮦᩱ࢖

㸬ࡍࡲࡋ  

ᮎ➹࡛ࡀࡿ࠶㸪㝜ࡽࡀ࡞ᨭࡓࢀࡃ࡚࠼ᐙ᪘ࡶ࡟ឤㅰࠋࡍࡲࡋࡓ࠸  


