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ᡤᒓᑓᨷ࣭◊✲ᐊ࣭Ꮫᖺ: ᶵᲔ≀⌮ᕤᏛᑓᨷ ᖹ⏣◊✲ᐊ ಟኈ1ᖺ 

ὴ㐵ඛ኱Ꮫ࣭ᑓᨷ㸸 

 ⛉኱Ꮫ ᶵᲔᕤᏛࢻࣥࣛࢡ࣮࢜

 

ཷධᩍဨྡ㸸 

Krishnan Jayaraman 

 

ὴ㐵ᮇ㛫㸸 ᖹᡂ 25ᖺ  9᭶ 16᪥ 㹼 ᖹᡂ 25ᖺ 12᭶ 15᪥ 

⏦ㄳ࣮ࣜࢦࢸ࢝㸸 
 ௚ࡢࡑ(C4)܆  ඲Ꮫ༠ᐃᰯ(C3-b)܆  㒊ᒁ㛫༠ᐃᰯ(C3-a)܆  AOTULE(C2)܈  SERP(C1)܆ 

◊✲㸦ࢺࢡ࢙ࢪࣟࣉ㸧㢟┠㸸 

Extrusion of  

Radiata pine fibre-reinforced High Density Polyethylene composite materials 



x ὴ㐵኱Ꮫࡢᴫせ㸦ᡤᅾᆅࠊ๰❧ࠊ኱Ꮫࡢつᶍ࡝࡞㸧 

 

ୡ⏺ྛᆅࠊ⣙4୓ே࡛ࡣ⏕Ꮫࠋࡍᅜ❧኱Ꮫ࡛ࡓࢀࡉ❧๰࡟1883ᖺࡣ኱Ꮫࢻࣥࣛࢡ࣮࢜

᭱ࢻ࣮ࣥࣛࢪ࣮ࣗࢽࡣᕷࢻࣥࣛࢡ࣮࢜ࡢ໭ᓥࡿ࠶ᡤᅾᆅ࡛ࠋࡍ࡛࠸ከࡶ⏕Ꮫ␃ࡢࡽ࠿

኱ࡢ㒔ᕷ࡛ࢻࣥࣛࢡ࣮࢜ࠋࡍ኱Ꮫࡢࢫࣃࣥࣕ࢟࢕ࢸࢩࡿ࠶࡛ࢫࣃࣥࣕ࢟ࣥ࢖࣓ࡢ❧ᆅ

౽࠺࠸࡜ᚐṌ5ศ⛬ᗘ࡛ࡲࢺ࣮ࣜࢺࢫ࣮ࣥ࢖ࢡࡿ࠶࡛ࡾ㏻࡞୰ᚰⓗࡢࢻࣥࣛࢡ࣮࢜ࡣ

฼࡞ሙᡤ࡛ࠊࡾ࠶㏆ࢺ࣮ࣂࣝ࢔ࠊࣥ࢖࣓ࢻࢻࣥࣛࢡ࣮࢜ࡣ࡟ࡃබᅬࡓࡗ࠸࡜኱࡞ࡁබ

ᅬࡢ↛⮬ࡿ࠶ࡶከࡽ࠿ࢫࣃࣥࣕ࢟࢕ࢸࢩࡣ⚾ࠋࡓࡋࡲࡾ࠶ࡶ࡛࢔࢚ࣜ࠸㌴࡛20ศ࡝࡯

ࣕ࢟࢕ࢸࢩ࡛ࢫࣂ⏝⏕Ꮫࡢᩱ↓ࠊࡀࡓࡋࡲ࠸࡚ࡗ㏻࡟ࢫࣃ࣐ࣥࣕ࢟࢟ࢱࡿ࠶࡟ሙᡤࡢ

ࠋࡓࡋ1ே࡛⚾ࡣ᪥ᮏேࡣᐊ࡛✲◊ࡓࡋᡤᒓࡢ⚾ࠋࡓࡋࡲࡁ࡛ࡀ࡜ࡇ࠺㏻ࡽ࠿ࢫࣃࣥ

 ࠋࡓࡋ࡛⏕Ꮫ␃ࡀ඲ဨࡣ௚ࡅࡔ1ேࡶேࢻ࣮ࣥࣛࢪ࣮ࣗࢽࡓࡲ

 

 

x ᡤᒓ◊✲ᐊ࡛ࡢ◊✲ᴫせࡢࡑ࡜⤒㐣ࡸᡂᯝࠊㄢ㢟࡝࡞ 
 

࠺࠸࡜CACM㸦Centre for Advanced Composite Materials㸧ࡿ࠶࡟ࢫࣃ࣐ࣥࣕ࢟࢟ࢱࡣ⚾

」ྜᮦᩱࡢ◊✲᪋タ࡛◊✲ࡣ࣐࣮ࢸࡢ✲◊ࠋࡓࡋࡲ࠸⾜ࢆᮌ〇⧄⥔ᙉ໬ࢡࢵࢳࢫࣛࣉ

 ࠋࡍᡂᙧ࣭ホ౯࡛ࡢ
ᮌᮦࢆᗫᲠࡿࡍሙྜࡣ㏻ᖖࡸ༷↝ࡣᇙ࡚ࡗࡼ࡟࡚❧ࡵฎ⌮ࡋ࠿ࡋࠋࡍࡲࢀࡉ㜵⭉๣࡟

ࢆᝏᙳ㡪࡟ቃ⎔ࡀᡂศࡢ㜵⭉๣࡜ࡿࡍ࡚❧ࡵᇙ࣭༷↝࡟ᵝྠࢆᮌᮦࡓࡋ᪋ࢆ⌮ฎࡿࡼ

୚ྍࡿ࠼⬟ᛶࡢࡇ࡛ࡇࡑࠋࡍࡲࡾ࠶ࡀᮌᮦ࡜ࢡࢵࢳࢫࣛࣉࢆΰྜࠊ࡛࡜ࡇࡿࡍᗫᲠ࡛

ࠊࡋస〇ࢆᡂᙧᶵ࡛」ྜᮦᩱࡋฟࡋᢲ࡟ᐇ㝿ࠋࡓࡋࡲࡋウ᳨ࢆ࡜ࡇࡿࡍ⏝෌฼ࡃ࡞ࡣ

㐺ษ࡞ᡂᙧ᮲௳ࡢホ౯ࠋࡓࡋࡲ࠸⾜ࢆ 
ࢢࣥ࢕ࢸ࣮࣑࡛ࢫ࣮࣌ࡢ࠸ࡽࡃ1ᗘ࡟2㐌㛫ࡣ࡜⏕ඛࡢධᩍဨཷࡢ኱Ꮫࢻࣥࣛࢡ࣮࢜

࡝࡞᪉࠸౑ࡢ⨨ᐇ㦂⿦ࠋࡓࡋࡲ࠸࡚ࡋࢆㄯ┦ࡢணᐃࡢ௒ᚋࡸሗ࿌ࡢᐇ㦂⤖ᯝࠊ࡚ࡋࢆ

 ࠋࡓࡋࡲ࠸࡚ࡋࢆ✲◊ࡽࡀ࡞࠸ࡽࡶ࡚࠼ᩍ࡟⏕ᏛࡢPhDࡸ᪉ࡢࣥࣕࢩࢽࢡࢸࡢ᪋タࡣ
 
 
x ᡤᒓ◊✲ᐊෆእࡢάື࣭య㦂㸦᪥ᖖ⏕ά࣭వᬤࡓࡗ⾜࡟஦࡝࡞㸧 

 
኱Ꮫࡢ◊✲᪋タࡣᇶᮏⓗ17࡟᫬࡛㛢ࢀࡑࠊ࡛ࡢ࠺ࡲࡋ࡚ࡗࡲ௨㝆ࡣ⮬⏤᫬㛫࡛ࠋࡓࡋ

኱Ꮫࡽ࠿ᖐࠊࡾࡓࡋࢆࢢࣥࣆࢵࣙࢩ࢘ࢻࣥ࢕࢘ࡣࡽ࠿࡚ࡗ཭ே࡜ኤ㣗ࢆ㣗ࡓࡗ⾜࡟࡭

ࡲ22᫬㡭ࠊࡾ࠶ࡶ࣒࢖ࢱ࣮࣐ࢧࠊࡃ㛗ࡀ᪥ࡣࢻ࣮ࣥࣛࢪ࣮ࣗࢽࡢኟࠋࡓࡋࡲ࠸࡚ࡋࡾ

࡛᫂ࡢࢻ࣮ࣥࣛࢪ࣮ࣗࢽࠊࡓࡲࠋࡍ࡛ࡓࡗ࠿ࡿẼೃࡾ࡞࠿ࡣᛌ㐺࡛9ࠋࡍ᭶ࡣẚ㍑ⓗ

㞵ࡀከ10ࡀࡍ࡛ࡓࡗ࠿᭶ࡣࡽ࠿ࢁࡈኳẼࡀⰋࠋࡓࡋࡲࡾ࡞ࡃኟ࡛ࡶ᪥ᮏࡢ᫓࡞࠺ࡼࡢ

Ẽ ࡛ࠊ‵ᗘࡶపࡃờࠋࡍ࡛࠸࡞࠿࠿ࡣ᪥ᕪࡣࡋᙉࡀࡍ࡛࠸ᖗᏊࠊࢫࣛࢢࣥࢧࠊ᪥↝

ࠊ࠿࠸ࡏࡓࡗ࠿ከࡀ࡜ࡇࡍࡈ㛗⿇࡛㐣ࡣ⚾ࠋࢇࡏࡲࡾ࡞ࡣ࡟ၥ㢟ࡾࡲ࠶ࡤࢀ࠶ࡀࡵṆࡅ

ᛮࠋࡍ࡛ࡓࡗ࠿࡞ࡅ↝ࡾࡼࡓࡗ 
㐌ᮎࢻࣥࣛࢡ࣮࢜ࡣ㑹እࡢほගࢻ࣮ࣥࣛࢪ࣮ࣗࢽࠊࡾࡓࡋࢆᅜෆࡢ௚ࡢ㒔ᕷ࡟᪑⾜ࢆ

⾜5᫬㛫࡛~4࡛ࢫࣂ㛗㊥㞳ࡣ࡬ほගᆅ࡞୺ࡢ໭ᓥࡽ࠿ࢻࣥࣛࢡ࣮࢜ࠋࡓࡋࡲࡋࡾࡓࡋ

࠸㢪࠾࡟⏕ඛࡢᐊ✲◊ࡓࡲࠋࡓࡋࡲࡁ࡛ࡀほග࡟1Ἡ2᪥࡛༑ศࠊ࡛ࡢࡓࡁ࡛ࡀ࡜ࡇࡃ

ࠊࡀࡓࡋ1ே᪑࡛ࠋࡓࡋࡲࡁ࡛ࡶ࡜ࡇࡿࡍ⾜᪑࡚ࡅ࠿2㐌㛫ࢆ༡ᓥࠊ࠸ࡽࡶࢆఇᬤ࡚ࡋ

࡛ࡓࡗ࠿ࡋᴦ࡛ࡢࡓࢀ࡞ࡃ௰Ⰻ࡜ேࡓࡋཧຍ࡟࣮࢔ࢶᆅ⌧ࡌྠࡸேࡢᐟἩ᪋タࡌྠ

 ࠋࡍ
㣗஦࡟㛵ࡣࢻ࣮ࣥࣛࢪ࣮ࣗࢽࠊࡣ࡚ࡋእ㣗್ࡢẁࡀ㧗࡜࠸ឤࠋࡓࡋࡲࡌ኱Ꮫෆࡢ኎ᗑ

࣮ࣃ࣮ࢫࠋࡍ࡛ࡓࡗ࠿ከࡀ࡜ࡇࡿࡍࢆ⅕⮬ࡵࡓ࠺ࡲࡋ࡚ࡗ࡞࡟1㣗$10௨ୖࡶ࡚ࡗ࠶࡛



ࣝࣇ࢖࢘࢟࡜⫗∵ࠊࡀࡍ࡛ࡓࡗ࠿࡞ࡽࢃኚ࡜᪥ᮏ࡟ᇶᮏⓗࡣẁ್ࡢ㣗ᮦࡢࢺࢵࢣ࣮࣐

࡞ࡣ㸦㣗ᮦ࡛࡜ࢫࣉࢵࢳࢺࢸ࣏࡟཯ᑐࠋࡓࡋࡲࡁ࡛ࡀ࡜ࡇ࠺㈙ࡃᏳ࡭ẚ࡜᪥ᮏࡣࢶ࣮

࣒࣮ࣜࢡࢫ࢖࢔ࠊࢺࣝࢢ࣮ࣚࡸࢬ࣮ࢳࡓࡲࠋࡍ࡛ࡓࡗ࠿㧗ࡀẁ್ࡢ㸧ᩥᡣලࡀࡍ࡛࠸

ࠊࡀࡍ࡛ࡓࡗ࠿࡞ࢃ㈙ࡣ⚾ࠋࡓࡋ༳㇟ⓗ࡛ࡀࡢ࡞ᐩ㇏ࡀ㢮✀ࡢࣥ࢖࣡ࡸங〇ရࡓࡗ࠸࡜

ࡇ࠺㈙ࡶ㓺Ἔࡢ᪥ᮏࡸㄪ࿡ᩱࡢୡ⏺ྛᅜ࡛ࡢࡿ࠸࡚ࡋ඘ᐇࡶධ㣗ရ㍺ࡣ࡟࣮ࣃ࣮ࢫ

 ࠋࡍࡲࡁ࡛ࡀ࡜
 
 
x ␃Ꮫඛ࡛ࡢఫᒃ㸦ᑅࡋ⏦ࠊ(➼࢖ࢸࢫ࣒࣮࣍ࠊ㎸ࡳ᪉ἲ࡝࡞ࢺ࢖࣓࣒࣮ࣝࠊ 

 
ఫᒃࡣ኱Ꮫ࡛ࡲṌ5࡚࠸ศࡢ࡝࡯㊥㞳ࢆࢺ࣓ࣥࢺ࣮ࣃ࢔ࡿ࠶࡟㑅ࠊࣥࢳࢵ࢟ࠋࡓࡋࡲࡧ

࣋࢖ࣛࣉࡀ㒊ᒇࡢ࡝࡯␚4ࡿ࠶ࡢᮘ࡜ࢻࢵ࣋ࠊ࡛⏝ඹ࡟࡜ࡈ㝵ྛࡣ࣮࣡ࣕࢩࠊࣞ࢖ࢺ

࠼౑ࡀࡢࡶࡓࡗ࠶࡚࠸࠾࡜ࡶ࡜ࡶࡣ㣗ჾࡸㄪ⌮ჾලࠋࡓࡋࡲࡾ࠶࡚ࡋ࡜࢔࢚ࣜ࡞ࢺ࣮

ࢱ࣮࢚࣋ࣞࡸࡢࡿධ࡟ᘓ≀ෆࠋࡓࡋࡲࡁ࡛ࡣ⌮ᩱࡄࡍࡤࢀࡃ࡚ࡗ㈙ࡅࡔ㣗ᮦࠊ࡛ࡢࡓ

࡞ࡣ࡛ࡢࡓ࠸࡚ࡋࡾ࠿ࡗࡋࡶ࣮࢕ࢸࣜࣗ࢟ࢭ࡛ࡢ࡞ᚲせࡀ࣮࢟ࡢ⏝ᑓࡣ࡟࠺౑ࢆ࣮

 ࠋࡍࡲ࠸ᛮ࡜࠿࠸
ከࡀ࡜ࡇ࠺⾜ࢆࡋ㒊ᒇ᥈࡚ࡋ㏻ࢆᥖ♧ᯈࡢୖࢺࢵࢿ࣮ࢱࣥ࢖ࡣ࡛ࢻ࣮ࣥࣛࢪ࣮ࣗࢽ

ࡽࡀ࡞࠸ࡽࡶ࡚࠼ᩍࢆ࢔࢚ࣜࡢࡵࡍࡍ࠾࡟⏕Ꮫࡢᐊ✲◊ࡢ኱Ꮫࢻࣥࣛࢡ࣮࢜ࡶ⚾ࠊࡃ

ᥖ♧ᯈࢆ㏻࡚ࡋ㒊ᒇࢆ᥈࡟࣮ࢼ࣮࢜ࡢࢺ࣓ࣥࢺ࣮ࣃ࢔ࠋࡓࡋࡲࡋ᪥ᮏ࡛࣮࣓ࣝࡽ࠿ண

⣙࡛࠼࠺ࡓࡋࢆ⌧ᆅ࡛ṇᘧ࡟ዎ⣙ࠋࡓࡋࡲࡋࢆᐙ㈤ࡣ㐌$180࡛ࠋࡓࡋዎ⣙᫬࡟ዎ⣙ᩱ

඲㢠࡟ࡁ࡜ࡢ㏥ཤࡣࢻࣥ࣎ࠊࡀࡓࡋࡲ࠸ᡶࡶ540$ࡢᐙ㈤3㐌㛫ศࡢ࡚ࡋ࡜ࢻࣥ࣎࡜$50

㏉㔠1ࠋࡓࡋࡲࢀࡉே㒊ᒇࡌྠࠊࡓࡲࠋࡓࡋ࡛ࢇࡏࡲ࠸ࡣࢺ࢖࣓࣒࣮࡛ࣝࡢࡓࡗࡔ㝵

ࡋࢆ⌮ᩱ࡛ࣥࢳࢵ࢟࡟୺ࠊ࡛ࠎᵝࡣᅜ⡠ࠋࡓࡋ࡛ࡾ࠿ࡤ᪉ࡢ఍ே♫ࡎࡽ࠾ࡣ⏕Ꮫࡣ࡟

 ࠋࡓࡋࡲ࠸࡚ࡋࢆヰࡽࡀ࡞
 
 
x ௒ᅇࡢ␃Ꮫࡽ࠿ᚓࠊࡢࡶࡓࢀࡽᚋ㍮ࠊࢪ࣮ࢭࢵ࣓ࡢ࡬ឤ᝿ࠊពぢࠊせᮃ 

 

௒ᅇ䛾␃Ꮫ䛷୍␒ᙉ䛟ឤ䛨䛯䛾䛿ⱥㄒ䛾㔜せᛶ䛷䛧䛯䚹䜸䞊䜽䝷䞁䝗䛿௙஦䞉ఇᬤ䞉␃Ꮫ䛺

䛹䛷ୡ⏺୰䛛䜙ே䛜㞟䜎䜛ᅜ㝿㒔ᕷ䛷䛩䚹ẕᅜㄒ䛾␗䛺䜛ே䛯䛱䛜ⱥㄒ䛷఍ヰ䜢䛩䜛⎔ቃ

䛻㌟䜢⨨䛔䛶䚸䛭䛾౽฼䛥䜢䛩䛤䛟ឤ䛨䜎䛧䛯䚹 

ⱥㄒ䛾఍ヰ䛿⤖ᵓⱞປ䛧䜎䛧䛯䚹ẕᅜㄒ䛻䜘䛳䛶ⱥㄒ䛾䜲䞁䝖䝛䞊䝅䝵䞁䛜㐪䛖䛯䜑ึ䜑䛿

ᡞᝨ䛔䜎䛧䛯䚹䛭䛖䛔䛳䛯⎔ቃ䛾䛫䛔䛛䜟䛛䜚䜎䛫䜣䛜䚸⌧ᆅ䛾ே䜒఍ヰ䛷⪺䛝ྲྀ䜜䛺䛛䛳

䛯䛸䛣䜝䛿ఱᗘ䜒⪺䛝┤䛧䛶䛔䛯䛾䛷䚸⚾䜒Ẽ㍍䛻⪺䛝┤䛩䛣䛸䛜䛷䛝䛯䛧䚸䛯䛟䛥䜣⪺䛔䛶

䛔䜛䛖䛱䛻័䜜䛶䛝䜎䛧䛯 

3䞄᭶䛸䛔䛖␃Ꮫᮇ㛫䛿ᮏẼ䛷◊✲䜢䛩䜛䛻䛿▷䛔ᮇ㛫䛰䛸ᛮ䛔䜎䛩䚹䛧䛛䛧3䜹᭶䛷䛒䛳䛶

䜒ᾏእ䛻ఫ䜐䛣䛸䛷䚸᪑⾜䛷䛿䛷䛝䛺䛔ከ䛟䛾䛣䛸䜢⤒㦂䛷䛝䜎䛧䛯䚹ᮏᙜ䛻␃Ꮫ䜢䛧䛶䜘䛛

䛳䛯䛸ᛮ䛔䜎䛩䚹 

ᚋ㍮䛾ⓙ䛥䜣䛾䛺䛛䛻䛿䚸ᾏእ䛻ఫ䜐䛣䛸䜢୙Ᏻ䛻ᛮ䛳䛶䛔䜛ே䜒䛔䜛䛛䜒䛧䜜䜎䛫䜣䚹⚾

䜒ึ䜑䛿ᾏእ䛾㛗ᮇ⁫ᅾ䛻୙Ᏻ䛿䛒䜚䜎䛧䛯䚹䛧䛛䛧ᐇ㝿䛻ఫ䜣䛷䜏䜛䛸䜸䞊䜽䝷䞁䝗䛿䛸䛶

䜒ఫ䜏䜔䛩䛔㒔ᕷ䛷䚸3䞄᭶䛾㛫୍ᗘ䜒᪥ᮏ䛻ᖐ䜚䛯䛔䛸䛿ᛮ䜟䛺䛛䛳䛯䛷䛩䚹ᑡ䛧䛷䜒⯆

࿡䛜䛒䜜䜀䚸䛬䜂␃Ꮫ䛻ᣮᡓ䛧䛶䜏䛶䛟䛰䛥䛔䚹 
 


