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Development of technology for improving the quality of plastic materials (ϩ) 

- Development of quantification method of recycled PE and PP blending material -  
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�

㸯㸬࡟ࡵࡌࡣ 

� ከ✀ከᵝࠊࡾࡓ࠶࡟ࡿࡍࣝࢡ࢖ࢧࣜࢆࢡࢵࢳࢫࣛࣉ

ࡓࡗ࠿࡞ࡁศู࡛ࠊࡸ࡜ࡇࡿࡍศูࢆࢡࢵࢳࢫࣛࣉ࡞

ࠊࡣ࡜ࡇࡿࡍᐃ㔞໬ࢆ⋠ẚࡢᡂศྛࡢ୰ࢡࢵࢳࢫࣛࣉ

ࠋࡿ࠶㔜せ࡛࡚࠸࠾࡟Ⅼࡿࡍホ౯ࢆရ㉁ࡢᮦࣝࢡ࢖ࢧࣜ

㌟ࡢᅇࡕ࠺ࡢࢡࢵࢳࢫࣛࣉࡢࡾከࡢࡃ⏝㏵࡟౑⏝ࢀࡉ

࡟㸦PP㸧ࣥࣞࣆࣟࣉ࣏ࣜࡧࡼ࠾㸦PE㸧ࣥࣞࢳ࢚࣏ࣜࡿ

㛵ࠊࡣ࡚ࡋẚ㔜ࡶࡽࡕ࡝ࡀ 1 ௨ୗ࡛ࠊࡀࡿ࠶௚ࡢ኱㒊

ศࡣࢡࢵࢳࢫࣛࣉࡢẚ㔜ࡀ 1 ௨ୖ࡛ࡵࡓࡿ࠶ᐜ᫆࡟ศ

PEࠊ᪉୍ࠋࡿࡁู࡛ ࡜ PP ࠶ᅔ㞴࡛ࡣ࡜ࡇࡿࡍศูࢆ

࠿࡜ࡇࡿ࠶⣔㧗ศᏊ࡛ࣥ࢕ࣇࣞ࢜ࡌྠࡀࡽࢀࡇࠊࡀࡿ

PEࠊࡽ ࡜ PP ࡿ࠸⏝࡚ࡋ࡜ᮦࣝࢡ࢖ࢧࣜࢆΰྜᮦᩱࡢ

ሙྜࡶከࠊ࡚ࡗࡀࡓࡋࠋ࠸PE-PP ΰྜᮦ୰ྛࡢᡂศࡢẚ

ࠊࡁ᥎ᐃ࡛ࢆᛶ≀ࡢ࡚ࡋ࡜ᮦᩱࠊࡤࢀࡁᐃ㔞໬࡛ࢆ⋠

ࡇࠋࡿ࡞࡜ᣦᶆࡢ࠿ࡁ࡭ࡿ࠼ᗘຍ⛬ࡢ࡝ࢆᮦࣥࢪ࣮ࣂ

᰾☢Ẽඹ㬆ࡣ≦⌧ࠊࡣ࡚ࡋ࡜ᐃᡭἲ ࡢࡵࡓࡢᐃ㔞ࡢ

ศගἲ㸦NMR㸧ࡢࡇࠊࡀࡿ࠸࡚࠸⏝ࢆᡭἲࠊࡣΰྜᮦ

ᚲせ࡛ࡀ࡝࡞ゎᯒ࡞㧗ᗘࡢศᯒᚋࠊゎ⁐ࡸ○෾⤖⢊ࡢ

⡆౽࡛Ᏻࡿ࡞࡜௦᭰ࠊ࡛ࡇࡑࠋࡿ࠿࠿ࡶࢺࢫࢥࠊࡾ࠶

౯࡞ᡭἲࡀồࠋࡓࡁ࡚ࢀࡽࡵ 

� ᙜᡤ࡛ࡣ᫖ᖺᗘࠊࡾࡼPE-PP ࡿ࠶࡛▱᪤ࡀ⋠ᡂศẚࡢ

ᶆ‽ヨᩱࢆస〇ࠊࡋ♧ᕪ㉮ᰝ⇕㔞 ᐃ⿦⨨㸦DSC㸧࠾

ࠊ࡚࠸⏝ࢆኚ᥮㉥እศගගᗘィ㸦FT-IR㸧࢚࣮ࣜࣇࡧࡼ

᳨㔞⥺ࢆసᡂࠊࡋ⡆౽࡞ᐃ㔞໬ᡭἲ᳨ࡢウࢆጞࡓࡵ ࠋ(1

᫖ᖺᗘࡣ㧗ᐦᗘࣥࣞࢳ࢚࣏ࣜ㸦HDPE㸧࡜ PP ࢧΰྜࡢ

ࡽ࠿ᐙᗞ⯡୍ࠊࡋ࠿ࡋࠋࡓࡗ⾜ࢆウ᳨࡚࠸ࡘ࡟ࣝࣉࣥ

Ⓨ⏕ࡣࡳࡈࣥࣞࢳ࢚࣏ࣜࡿࡍ HDPE㸦࣮ࣉࣥࣕࢩᐜჾ

➼㸧࡟㝈ࠊࡎࡽపᐦᗘࣥࣞࢳ࢚࣏ࣜ㸦LDPEࣉࢵࣛࠊ㢮

➼㸧ࡸ┤㙐≧పᐦᗘࣥࣞࢳ࢚࣏ࣜ㸦LLDPEࢪࣞࠊ⿄➼㸧

ࡢᮦ୰ࣝࢡ࢖ࢧࣜࡢᐇ㝿ࠊࡵࡓࡿࡍᏑᅾࡶ PE ࡽࢀࡇࡣ

3 ࡢ✀ PE ࡑࠋࡿࢀࡽ࠼⪄࡜ࡿࡍែ࡛Ꮡᅾ≦ࡓࡗࡊΰࡀ

ࡣᮏሗ࡛ࠊ࡛ࡇ LLDPE ࡜ LDPE ࡟ΰྜᮦࡢࡽࢀࡇࠊࡸ

ࡗ⾜ࢆウ᳨࠿ࡿࡁ࡛⏝㐺ࡀᐃ㔞໬ᡭἲࡢᵝྠࡶ࡚࠸ࡘ

ᐇ㝿ࡾࡼ࣮ࢱࣥࢭࣝࢡ࢖ࢧᰴᘧ఍♫ᒱ㜧ࣜࠊࡓࡲࠋࡓ

ᮏࡶ࡚࠸ࡘ࡟ࢀࡇࠊ࠸ࡽࡶ࡚ࡋᥦ౪ࢆᮦࣝࢡ࢖ࢧࣜࡢ

ᡭἲࡾࡼ࡟ ᐃࠊ࠸⾜ࢆᚑ᮶ࡢ NMR ἲ࡛ồࡢ࡜್ࡓࡵ

ẚ㍑ࠋࡓࡗ⾜ࢆ 

 

㸰㸬ᐇ㦂 

㸰㸬㸯� ヨᩱࡢస〇 

� ྛ ᐃ࡛౑⏝ࡓࡋᡂศẚ⋡᪤▱ࠊࡣࣝࣉࣥࢧࡢPE ࡜

PP ࡢࡶࡓࡋ஝ᘧ࡛ΰྜ࡟๭ྜࡢᡤᐃࢆᮦᩱࣥࢪ࣮ࣂࡢ

ᘧΰ⦎ᶵ㸦Brabenderࢳࢵࣂࠊࢆ 〇ࠊPL2000㸧࡛ 190Υࠊ

30 rpm ࡚࠸࠾࡟ 30 ศ㛫⁐⼥ΰ㘐࡚ࡋస〇ࢪ࣮ࣂࠋࡓࡋ

ࣥᮦࠊࡣ࡚ࡋ࡜HDPE 〇ࢡࢵࢸࣂࣀ࡟ HJ580 ࠊࢆ

LLDPE 〇ࢡࢵࢸࣂࣀ࡟ UJ580 LDPEࠊࢆ ࢡࢵࢸࣂࣀ࡟

〇 LJ803 PPࠊࢆ 〇࣮࣐ࣟ࢔ࣥࢧ࡟ PM900A  ࠋࡓ࠸⏝ࢆ

㸰㸬㸯㸬㸯� NMR  ᐃ ࡢࣝࣉࣥࢧస〇ࡿࡼ࡟

� 2.1 ࡛స〇ࡓࡋΰྜࠊࢆࣝࣉࣥࢧᚑ᮶ࡢ NMR ἲ࡚࡟

 ᐃࠋࡓࡋ ᐃࠊࡣLLDPE:PP = 50:50ࠊLDPE:PP = 

LLDPE:HDPE:PP = 10:40:50ࠊ20:80 ࡋ๭ྜ࡛⁐⼥ΰ㘐ࡢ

స〇࡟ࣝࣉࣥࢧࡓࡋᑐࡋᐇ᪋ࠋࡓࡋ 

㸰㸬㸰� DSC  సᡂࡢ⥺㔞᳨ࡿࡼ࡟

� DSC (TA Instruments 〇ࠊDSC2500)ࣝࣉࣥࢧࠊ࠸⏝ࢆ

ࠊ࡟ࡵࡓࡿࡍ࡜ᐃ୍ࢆᒚṔ⇕ࡣᐃ ࠋࡓࡗ⾜ࢆᐃ ࡢ

࡟ึ᭱ 10 Υ/min ࡛ 40Υࡽ࠿ 200Υࡉ⼥⁐࡚ࡋ ࡛᪼ࡲ

Υ/min 5ࠊᚋࡓࡏ ࡛ 40Υ࡛ࡲ෭༷᭱ࠊࡋᚋ࡟ 5 Υ/min

࡛෌ࡧ 200Υࠋࡓࡋ ࡛᪼ࡲᚓࡓࢀࡽ DSC ࡟ࢺ࣮ࣕࢳ

࡚࠸ࡘ TA Instruments 〇ࡢ TRIOS ࠸⏝ࢆ࢔࢙࢘ࢺࣇࢯ

࡚ゎᯒ2ࠊ࠸⾜ࢆ ᅇ┠᪼ࡢ ᫬ࡢࣝࣉࣥࢧྛ࡟ PE ⼥ࡢ

ゎ࡟せࡓࡋ྾⇕㔞㸦J/g㸧ࢆ ᐃࠋࡓࡋ 

㸰㸬㸰㸬㸯� PE-PP㸰ᡂศΰྜヨᩱࡢ ᐃ 

� ๓ሗ࡛ ᐃࡓࡋ HDPE-PP ΰྜྠ࡜ࣝࣉࣥࢧᵝ࡟ ࠊ(1

LLDPE-PPࠊLDPE-PP ΰྜࡶ࡚࠸ࡘ࡟ࣝࣉࣥࢧ DSC ࡟

ྛࡢࣝࣉࣥࢧΰྜࠋࡓࡗ⾜ࢆᐃ ࡿࡼ PE ࡜ PP 㔜㔞ࡢ

 * ໬Ꮫ㒊 

** ḟୡ௦ᢏ⾡㒊 
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ẚࢀࡒࢀࡑࠊࡣ࡚࠸ࡘ࡟ PE:PP=10:90ࠊ30:70ࠊ20:80ࠊ

50:50ࠊ40:60 ࡢ 5 ✀㢮࡚࠸ࡘ࡟ࣝࣉࣥࢧྛࠋࡓࡋ࡜ 5 Ⅼ

 ᐃྛࠊ࠸⾜ࢆ ᐃࡢ྾⇕㔞ࡢᖹᆒ್ࡾࡼᚓ್ࡓࢀࡽ

 ࠋࡓ࡭ㄪ࡚࠸ࡘ࡟⢭ᗘࠊࡁᘬࢆ⥺┤㏆ఝ࡟ᇶࢆ

㸰㸬㸰㸬㸰� PE-PP㸱ᡂศΰྜヨᩱࡢ ᐃ 

� HDPE-LLDPE-PP ΰྜ࡚࠸ࡘ࡟ࣝࣉࣥࢧ DSC ࡿࡼ࡟

 ᐃྛࡢࣝࣉࣥࢧࠋࡓࡗ⾜ࢆᡂศࡢ㔜㔞ẚࡒࢀࡑࠊࡣ

ࢀ HDPE:LLDPE:PP =10:40:50ࠊ30:20:50ࠊ20:30:50ࠊ

40:10:50 ࡚࠸ࡘ࡟ࣝࣉࣥࢧྛࠋࡓࡋ࡜ 5 Ⅼ ᐃࠊ࠸⾜ࢆ

ྛ ᐃࡢ྾⇕㔞ࡢᖹᆒ್ࡾࡼᚓࢆ್ࡓࢀࡽᇶ࡟㏆ఝ┤

 ࠋࡓ࡭ㄪ࡚࠸ࡘ࡟⢭ᗘࠊࡁᘬࢆ⥺

㸰㸬㸰㸬㸱�  ᐃ ࡢᮦࣝࢡ࢖ࢧࣜ

� ᒱ㜧ࣜࡾࡼ࣮ࢱࣥࢭࣝࢡ࢖ࢧᥦ౪ࠊࡓࡅཷࢆᗫᲠ≀

ᮦࣝࢡ࢖ࢧࣜࡓࢀࡉ⏕෌ࡽ࠿ 3 ᐃ ࡚࠸ࡘ࡟ࣝࣉࣥࢧ

2.2.1ࠊ࡜྾⇕㔞ࡓࢀࡽᚓࠊࡓࡲࠋࡓࡗ⾜ࢆ ࡽᚓࡾࡼ࡟

ࡓࢀ LLDPE-PP ࡧࡼ࠾ LDPE-PP ๓ࠊ࡜⥺㔞᳨ࡿࡍ㛵࡟

ሗ࡚࠸࠾࡟⟬ฟࡓࡋ HDPE-PP ⾲㸦1㸧࡛ࡢୗࡿࡍ㛵࡟

࡚࠸࠾࡟ࣝࣉࣥࢧྛࠊࡽ࠿⥺㔞᳨ࡿࢀࡉ PE ༢୍ᡂศࡀ

 ࠋࡓࡵồࢆ⋠᭷ྵࡢሙྜࡓࡋ௬ᐃ࡜ࡓࡗ࠶࡛

HDPE ྵ᭷⋡(%)Ҹ0.5278�HDPE ྾⇕㔞(J/g)͐㸦1㸧 

NMRࠊ࡚ࡋࡑ ᚓࡽ࠿ࣝࣉࣥࢧ୍ྠࡓࡋ㏵ ᐃูࡾࡼ࡟

 ࠋࡓࡋẚ㍑ࢆ್ࡓࢀࡉ⟭ᴫࡽ࠿ᘧྛ࡜್ࡓࢀࡽ

㸰㸬㸱� IR �సᡂࡢ⥺㔞᳨ࡿࡼ࡟

� 2.1 ࡛స〇ࠊ࡚࠸ࡘ࡟ࣝࣉࣥࢧࡓࡋFT-IR㸦᪥ᮏศග〇ࠊ

FT/IR-6200㸧࡚࠸⏝ࢆศᯒࠋࡓࡗ⾜ࢆ ᐃᡭἲࠊࡣ㏱㐣

ἲࠋࡓ࠸⏝ࢆ㏱㐣ἲࡣ࡚࠸࠾࡟㉥እ⥺ࣝࣉࣥࢧࡀ୰ࢆ㏱

㐣ࡿࡍᚲせࠊࡵࡓࡿ࠶ࡀゅᗘྍኚ࣮ࢧ࢖ࣛࢫ㸦᪥ᮏศග

〇ࠊHW-1㸧ࠊ࡚࠸⏝ࢆཌࡳ⣙ 10 μm ࣝࣉࣥࢧ≦∦ⷧࡢ

࡛௳᮲ࡢࢀࡒࢀࡑࡣࣝࣉࣥࢧࠋࡓࡋస〇ࢆ 5 Ⅼస〇ࠊࡋ

 ᐃࠋࡓࡗ⾜ࢆ 

ᚓࠊ࡚࠸ࡘ࡟ࣝࢺࢡ࣌ࢫࡓࢀࡽPE ⏤᮶ࢡ࣮ࣆࡢᙉᗘ

㸦719 cm-1㸧࡜ PP ⏤᮶ࢡ࣮ࣆࡢᙉᗘ�841 cm-1�ࡢᙉᗘẚ

�ࠋࡓࡋసᡂࢆ⥺㔞᳨ࠊࡋฟ⟭ࢆ

㸰㸬㸱㸬㸯� ࡢᮦࣝࢡ࢖ࢧࣜ PE ྵ᭷⋡ࡢ⟬ฟ 

� ᮦࣝࢡ࢖ࢧࣜ 10 ࣮ࢱࣥࢭࣝࢡ࢖ࢧ㸦ᒱ㜧ࣜࣝࣉࣥࢧ

ᥦ౪㸧ࠊ࡚࠸ࡘ࡟FT-IR ᥦࠋࡓࡗ⾜ࢆ㏱㐣 ᐃ࡚࠸⏝ࢆ

౪ࠊࡣࣝࣉࣥࢧࡓࢀࡉ୺ᡂศࡀ PEࠊPP ࣉࣥࢧ≦⢊ᮎࡢ

ࠋࡓࡋᡂᆺ࡟≦ࢡࢵࣟࣈࠊࡋ⇕170Υ࡛ຍࠊࡵࡓࡿ࠶࡛ࣝ

ࠊࡋຍᕤ࡟≦∦࡚ⷧ࠸⏝ࢆ࣮ࢧ࢖ࣛࢫゅᗘྍኚࠊᚋࡢࡑ

 ᐃࠋࡓࡋ࡜ࣝࣉࣥࢧPE ࡜ PP 2.3ࠊࡋฟ⟭ࢆᙉᗘẚࡢ

࡛సᡂ᳨ࡓࡋ㔞⥺ࣝࢡ࢖ࢧࣜ࡟࡜ࡶࢆᮦࡢ PE ྵ᭷⋡ࢆ

⟬ฟࠋࡓࡋ ᐃࡣᥦ౪ࣝࣉࣥࢧ 1 ࡁࡘ࡟ࡘ 5 Ⅼ ᐃࠊࡋ

ゎᯒࡢࡑࡣ࡟ᖹᆒ್ࠋࡓ࠸⏝ࢆ 

�

㸱㸬⤖ᯝཬࡧ⪃ᐹ 

㸱㸬㸯� ヨᩱࡢస〇 

㸱㸬㸯㸬㸯� NMR ἲࡿࡼ࡟స〇ࡢࣝࣉࣥࢧ ᐃ 

� ᡂศ᪤▱࡚ࡋ࡜ΰ㘐ࡾࡼ࡟స〇ࢆࣝࣉࣥࢧࡓࡋ NMR

ἲࡾࡼ࡟ ᐃࠋࡓࡋ⤖ᯝࢆ⾲㸯ࠋࡍ♧࡟ 

ㄗᕪࡶࣝࣉࣥࢧࡢࢀࡎ࠸ 2%௨ෆࠊࡓࡲࠋࡓࡗ࡞࡜PE

 ࠋࡓࡗ࠿࡞ࡣㄗᕪࡢᐃ ࠸ࡋⴭࡿࡼ࡟✀

㸱㸬㸰� DSC  సᡂࡢ⥺㔞᳨ࡿࡼ࡟

㸱㸬㸰㸬㸯� PE-PP㸰ᡂศΰྜヨᩱࡢ ᐃ 

� LLDPE-PP ࡧࡼ࠾ LDPE-PP ࡢ 2 ᡂศΰྜヨᩱࡢ DSC

 ᐃ⤖ᯝࢆᅗ 1 ᅗࡧࡼ࠾ 2 Ⅼྛࡢᅗ୰ࠊ࡛ࡇࡇࠋࡍ♧࡟

㸦ྛࠊࡣᏐᩘࡓࢀࡽ࠼ῧ࡟ PE ྛ , ྾⇕㔞ࡢ PE ᭷ྵࡢ

⋡㸧ࠊ࠾࡞ࠋࡍ⾲ࢆLLDPE ࡣ࡚࠸ࡘ࡟྾⇕㔞ࡢ 110Υ

ࡽ࠿ 128Υࡢ⠊ᅖࠊࢆLDPE ࡣ࡚࠸ࡘ࡟྾⇕㔞ࡢ 100Υ

ࡽ࠿ 111Υࡢ⠊ᅖࢆ✚ศࡢ࡝ࠋࡓ࠸⏝ࢆ್ࡓࡋሙྜࡶ

PE 㔞࡜ PE  ࠋࡓࢀࡽࡳࡀ㛵┦ࡢṇ࡟㛫ࡢゎ྾⇕㔞⼥ࡢ

ᅗ 1 LLDPE-PPࠊࡾࡼ ΰྜࡣ࡚࠸ࡘ࡟ࣝࣉࣥࢧ 

LLDPE ྵ᭷⋡㸦%㸧Ҹ2.5721�LLDPE ྾⇕㔞㸦J/g㸧�

ࡢᘧࡢࡇࠋࡓࢀࡽᚓࡀᘧࡢ⥺㔞᳨࠺࠸࡜ R ஧஌್ࡣ

0.9915 ࡼࡀẚ㍑ⓗ⢭ᗘࡣ࡚ࡋ࡜ᐃ㔞ᡭἲ࡞౽⡆ࠊࡾ࠶࡛

�ࠋࡿࢀࢃᛮ࡜࠸

ᅗࡓࡲ 2 LDPE-PPࠊࡾࡼ ΰྜ᳨ࡢࣝࣉࣥࢧ㔞⥺ࡣ�

LDPE ྵ᭷⋡㸦%㸧Ҹ3.403�LDPE ྾⇕㔞㸦J/g㸧�

Rࠊࡾ࡞࡜ ஧஌್ࡣ 0.9533 ࡞࡜ࡢࡶ࠸ᝏࡀ⢭ᗘࡸࡸ࡜

�ࠋࡓࡗ

�
ᅗ㸰� LDPE-PP ΰྜࡽ࠿ࣝࣉࣥࢧᚓ᳨ࡓ㔞⥺�

1.7 , 10

4.3 , 20

7.6 , 30

11.5 , 40

16.0 , 50y = 3.403x
R² = 0.9533

0

10

20
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40

50

60

0 5 10 15 20

LD
PE

؜
༙

ྖ
(%

)

LDPEٷ೦ྖ(J/g)

ˠ఼֦͹਼஍ͺ
೦ྖٷ)3'/ ི༙؜)3'/��
Νࣖͤ

⾲㸯� NMR  ᐃ⤖ᯝ�

 ᐃࣝࣉࣥࢧ�
PE �(%)᭷㔞ྵࡢ

ᐇ㝿ࡢΰྜ㔞 NMR  ᐃ⤖ᯝ 

LLDPE-PP 50 48 

LDPE-PP 20 19 

LLDPE-HDPE-PP 50 50 

�

�
ᅗ㸯� LLDPE-PP ΰྜࡽ࠿ࣝࣉࣥࢧᚓ᳨ࡓ㔞⥺�

3.1 , 10

7.1 , 20

11.2 , 30

15.2 , 40
20.3 , 50

y = 2.5721x
R² = 0.9915

0
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20
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40

50

60
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LL
DP

E؜
༙

ྖ
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)

LLDPEٷ೦ྖ(J/g)

ˠ఼֦͹਼஍ͺ
೦ྖٷ)3'// ི༙؜)3'//��
Νࣖͤ
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⾲㸱� ΰ㘐ࣝࣉࣥࢧ㸦LDPE-PP㸧ࡢ 

㏱㐣ἲ ᐃࡢ PE ྵ᭷⋡౫Ꮡᛶ⤖ᯝ 

PEྵ᭷㔞䠄wt䠂䠅㻌 PE/PP 

10 0.48387 

20 0.784725 

30 1.117037 

40 1.494646 

50 1.942954 

㸱㸬㸰㸬㸰� PE-PP㸱ᡂศΰྜヨᩱࡢ ᐃ�

� HDPE-LLDPE-PP ࡢ 3 ᡂศΰྜヨᩱࡢ DSC  ᐃࡓࡋ

⤖ᯝࢆᅗ 3 PEࠊࡣ࡛ࡇࡇࠋࡍ♧࡟ ࡋ㛵࡟ࢡ࣮ࣆゎ⼥ࡢ

100Υࡽ࠿ 138Υࡢ⠊ᅖ࡛✚ศࢆ್ࡓࡋ྾⇕㔞ࠋࡓࡋ࡜

࡟Ⅼྛࡢᅗ୰ࡓࡲ PE ྾⇕㔞 , HDPE⥲ࡢ (%)⋠᭷ྵࡢ

࡛ࡇࡇࠋࡍ⾲ࢆ LLDPE ࡣ⋠᭷ྵࡢ 50-HDPE ⋠᭷ྵࡢ

Rࠊࡣࡽ࠿㛵ಀᘧࡿࢀࡽᚓ࡛ࡇࡇࠋࡿ࠶࡛(%) ஧஌್ࡣ

0.9983  ࠋࡓࡗ࡞࡜㛵┦࠸ࡼẚ㍑ⓗ࡜

㸱㸬㸰㸬㸱� �ᐃ ࡢᮦࣝࢡ࢖ࢧࣜ

� ᒱ㜧࣮ࣜࢱࣥࢭࣝࢡ࢖ࢧᥦ౪ࡢᗫᲠ≀ࡽ࠿෌⏕ࣜࡓࡋ

ࢆᮦࣝࢡ࢖ࢧ DSC  ᐃࡓࡋ⤖ᯝࢆ⾲ 2 ⾲ࡢࡇࠋࡍ♧࡟

3.2.1ࠊࡣ್ࠖ⟭ᴫࡿࡼ࡟⥺㔞᳨ࠕ࡛ ࡚࠸࠾࡟ LLDPE-

PP ࡜ LDPE-PP ࡓࢀࡽᚓ࡚ࡋ㛵࡟ࣝࣉࣥࢧࡢࢀࡒࢀࡑࡢ

᳨㔞⥺ࡧࡼ࠾๓ሗ࡛ᚓࡓࢀࡽ HDPE-PP 㸦1㸧ࡿࡍ㛵࡟

ᘧࢆᮏ ᐃࡢ྾⇕㔞࡟㐺⏝ࡢࢀࡒࢀࡑࡀࣝࣉࣥࢧྛࠊࡋ

PE ࠶್࡛⟭ᴫࡿࢀࡉฟ⟭࡟ሙྜࡓࡋ௬ᐃ࡜ࡴྵࡳࡢ✀

ࡶࢀ࡝ࠋࡿ NMR ู࡛㏵ ᐃࡓࢀࡉ PE ྵ᭷⋡࡜್ࡢ኱

ࢀࡲྵ࡟ᮦ୰ࣝࢡ࢖ࢧࣜࡢࢀࡎ࠸ࠊࡽ࠿࡜ࡇࡿ࡞␗ࡃࡁ

ࡿ PE LDPEࠊHDPEࠊࡃ࡞ࡣ㢮࡛✀ࡢ༢୍ࡶ ࡸ LLDPE

ࡑࡣࡽࢀࡇࠋࡿࢀࡽ࠼⪄࡜ࡿ࠸࡚ࡋ๭ྜ࡛ΰྜ࡞ࠎᵝࡀ

࠿ࡢࡶࡓࢀࡉ཰㞟࡚ࡋ࡜≀ᗫᲠ࡚࡟἞య⮬ࡿ࡞␗ࢀࡒࢀ

ᗫᲠࡾࡼ࡟ᆅᇦࠊࡵࡓࡿ࠸࡚ࢀࡉࣝࢡ࢖ࢧࣜࡽ PE ࡟✀

 ࠋࡿࢀࡉ ᥎ࡀ࡜ࡇࡿ࠶ࡀࡾ೫ࡣ

㸱㸬㸱� IR  సᡂࡢ⥺㔞᳨ࡿࡼ࡟

㸱㸬㸱㸬㸯� LDPE-PP 

2.1 ࡛స〇ࡓࡋ LDPE ࡜ PP ࠊ࡚࠸ࡘ࡟ࣝࣉࣥࢧΰྜࡢ

IR  ᐃ⤖ᯝࢆ⾲ 3 ᅗࡧࡼ࠾ 4 ᅗࠋࡍ♧࡟ 4 㔞᳨ࠊࡾࡼ

ࡢ⥺ R ஧஌್ࡀ 0.9897 ࠊࡀࡓࡋ๓ሗ࡛ሗ࿌ࠋࡓࡗ࡞࡜

HDPE-PP ࡣ࡚࠸࠾࡟⥺㔞᳨ࡢࣝࣉࣥࢧΰ㘐ࡢ R ஧஌್

ࡀ 0.9989 ⢭ᗘࡢ⥺㔞᳨࡜ࡿ࡭ẚ࡟ࢀࡑࠊࡾ࠾࡚ࡗ࡞࡜

LDPEࠊࡣࢀࡇࠋࡿ࠸࡚ࡕⴠࡣ ࡀᵓ㐀ࢀ࠿ᯞศࡢ PP ࡢ

ᵓ㐀࡜ఝ࡚ࠊࡵࡓࡿ࠸PP ࡋࡰཬࢆᙳ㡪࡟ᙉᗘࢡ࣮ࣆࡢ

 ࠋࡿࢀࡽ࠼⪄࡜ࡵࡓࡿ࠸࡚

�

�

�

�

㸱㸬㸱㸬㸰� LLDPE-PP�

2.1 ࡛స〇ࡓࡋ LLDPE ࡜ PP ࠊ࡚࠸ࡘ࡟ࣝࣉࣥࢧΰྜࡢ

IR  ᐃ⤖ᯝࢆ⾲ 4 ᅗࡧࡼ࠾ 5 ᅗࠋࡍ♧࡟ 5 㔞᳨ࠊࡾࡼ

ࡢ⥺ R ஧஌್ࡀ 0.9574 ⢭࡚࡭ẚ࡟⥺㔞᳨ࡢ௚ࠊࡾ࡞࡜

ᗘࡀᴟ➃࡟ⴠุࡀ࡜ࡇࡿࡕ᫂ࠊࡣࢀࡇࠋࡓࡋLDPE ᫬ࡢ

LLDPEࠊᵝྠ࡜ ࡀᵓ㐀ࢀ࠿ᯞศࡢ PP ࡟ᙉᗘࢡ࣮ࣆࡢ

኱ࡃࡁᙳ㡪ࠋࡿࢀࡽ࠼⪄࡜ࡵࡓࡓࡋ 

 

 

 

 

�

ᅗ㸲� �PE/PP ࡜ PP ྵ᭷⋡ࡢ㛵ಀ㸦LDPE-PP㸧�

y = 0.0384x
R² = 0.9897

0

0.5

1

1.5

2

2.5

0 10 20 30 40 50 60

ᙉ
ᗘ
ẚ

P
E/

P
P

(-
)

PEΰྜ⋡(%)

�

ᅗ㸱� 3 ᡂศΰྜヨᩱࡢ྾⇕㔞�

23.37, 0

37.9 , 10

54.2 , 20

70.8 , 30

82.5 , 40

98.5 , 50y = 0.6646x - 15.676
R² = 0.9983
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؜
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ྖ
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૱PEٷ೦ྖ(J/g)

ˠ఼֦͹਼஍ͺ
೦ྖٷ)૱3 ི༙؜)3'+��
Νࣖͤ

⾲㸰� �ᐃ⤖ᯝ ࡢᮦࣝࢡ࢖ࢧࣜ

�ࣝࣉࣥࢧ
PE ྾⇕㔞 

(J/g) 

᳨㔞⥺

ࡿࡼ࡟

ᴫ⟬  ್

㸦%㸧 

HDPE ᘧ 
NMR

⤖ᯝ 

(%)�

LLDPE ᘧ 

LDPE ᘧ 

1 43.9  

23.2  

50�113.0 

149.5 

2� 33.1  

17.5  

51�85.2 

112.7 

3� 34.3  

18.1  

45�88.3 

116.9 
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⾲㸳� ࡢᮦࣝࢡ࢖ࢧࣜ PE ྵ᭷⋡⟬ฟ⤖ᯝ 

㻌  
PE/PP 

ᖹᆒ  ್

PEྵ᭷⋡ 

䠄%䠅 

NMR 

⤖ᯝ䠄%䠅 
ㄗᕪ䠄%䠅 

A 1.984 44.7  50 -5.3  

B 2.082 46.9  51 -4.1  

C 1.923 43.3  45 -1.7  

D 2.199 49.5  47 2.5  

E 2.269 51.1  57 -5.9  

F 2.232 50.3  44 6.3  

G 2.121 47.8  45 2.8  

H 2.121 47.8  45 2.8  

I 2.024 45.6  46 -0.4  

J 1.94 43.7  44 -0.3  

�

⾲㸲� ΰ㘐ࣝࣉࣥࢧ㸦LLDPE-PP㸧ࡢ 

㏱㐣ἲ ᐃࡢ PE ྵ᭷⋡౫Ꮡᛶ⤖ᯝ 

PEྵ᭷㔞䠄wt䠂䠅㻌 PE/PP 

10 0.4222 

20 0.874614 

30 1.166875 

40 1.520126 

50 1.710857 

�

 

㸱㸬㸱㸬㸱� IR ࡢᮦࣝࢡ࢖ࢧࣜࡿࡼ࡟ PE ྵ᭷㔞⟬ฟ 

ࡢᮦࣝࢡ࢖ࢧࣜ 10 PE/PPࠊ࡚࠸ࡘ࡟ࣝࣉࣥࢧ ⟭ࢆ್

ฟࠋࡓࡋHDPE-PP ࡚࠸⏝ࢆ⥺㔞᳨ࡓࡋ⣔࡛సᡂࡢ PE

ྵ᭷⋡ࢀࡒࢀࡑࢆ⟬ฟࡓࡋ⤖ᯝࢆ⾲ 5 ࢡ࢖ࢧࣜࠋࡍ♧࡟

ࣝᮦูࢆ㏵ NMR ࡛ ᐃ࡚ࡋồࡓࡵ PE ࡋ♧ࡶ⋠᭷ྵࡢ

⾲ࠋࡿ࠸࡚ 5 ᑠㄗᕪ᭱ࠊࡾࡼ ࡀ኱ㄗᕪ᭱ࠊ0.3% ࡜6.3%

ࠊࡀࡿ࠶ཎᅉ࡛ࡢ࠸㐪ࡢㄗᕪࡢࡇࠋࡓࢀࡽᚓࡀᯝ⤖࠺࠸

ᥦ౪ࣝࢡ࢖ࢧࣜࡓࢀࡉᮦࡾࡼ࡟ HDPE ࡸ LLDPEࠊ

LDPE ᛶ⬟ྍࡿ࠸࡚ࡋᙳ㡪࡟ᯝ⤖ࡀ࡜ࡇ࠺㐪ࡀ⋠᭷ྵࡢ

LDPEࠊࡣ࡟ලయⓗࠋ࠸㧗ࡀ ࡜ LLDPE ᯞศࡿࢀࡲྵ࡟

PEࠊࡀᵓ㐀ࢀ࠿ ࡜ PP ⋠᭷ྵࠊࡋᙳ㡪࡟ᙉᗘࢡ࣮ࣆࡢ

LDPEࠊᮏ᮶ࠋࡿࢀࡽ࠼⪄࡜ࡓࡋࡇ㉳ࡁᘬࢆࢀࡎࡢ ከࡀ

LDPEࠊࡣᮦ࡛ࣝࢡ࢖ࢧࣜࡿࢀࡲྵࡃ ᳨ࡓࡋ⣔࡛సᡂࡢ

㔞⥺ࡀࡢࡿ࠸⏝ࢆᮃࣝࢡ࢖ࢧࣜࠊࡀ࠸ࡋࡲᮦ୰ࡢ PE ࡢ

✀㢮ࠊ࡚࠸ࡘ࡟๭ྜࡣ࡜ࡇࡿࡍูุࢆ㞴᳨ࠊࡵࡓ࠸ࡋ㔞

⢭ᗘ␒୍ࠊࡣ࡛✲◊ᮏࠋࡿ࠶ᅔ㞴࡛ࡣࡢࡿࡅศ࠸౑ࢆ⥺

࡚࠸⏝ࢆ⥺㔞᳨ࡓࡗ࠿Ⰻࡢ PE ྵ᭷⋡ࢆ⟬ฟࠊࡀࡿ࠸࡚ࡋ

௒ᅇࡢ⤖ᯝࢆ㋃ࠊ࠼ࡲ௒ᚋࠊỗ⏝ⓗ᳨࡞㔞⥺ࢆసᡂࡿࡍ

ᚲせࠋࡿ࠼⪄࡜ࡿ࠶ࡀ 

�

�

�

�

�

�

�

�

㸲㸬ࡵ࡜ࡲ�

LLDPE-PP ࡧࡼ࠾ LDPE-PP ΰྜࣝࣉࣥࢧ୰ PE ᭷ྵࡢ

㔞ࢆ⡆౽࡟ᐃ㔞໬ࡢࡵࡓࡿࡍᡭἲࢆ DSC ࡧࡼ࠾ IR ࡼ࡟

ᮦࣝࢡ࢖ࢧࣜࡢᐇ㝿ࢆᯝ⤖ࡓࢀࡽᚓࠊࡓࡲࠋࡓࡋウ᳨ࡾ

ࡿ࠶ᚑ᮶ἲ࡛ࠊࡋ⏝㐺࡟ᐃ⤖ᯝ ࡢ NMR ἲࡢ࡜ẚ㍑ࢆ

�ࠋࡓࡗ⾜

� DSC  ᐃࠊࡣ࡚࠸࠾࡟LLDPE-PP ΰྜࡽ࠿ࣝࣉࣥࢧ

ᚓ᳨ࡓࢀࡽ㔞⥺ࡣẚ㍑ⓗ⢭ᗘࠊࡃࡼࡀLDPE-PP ΰྜࢧ

ࡗ࡞࡜ࡢࡶ࠸ᝏࡀ⢭ᗘࡸࡸࡣ⥺㔞᳨ࡓࢀࡽᚓࡽ࠿ࣝࣉࣥ

ࡢᩘ「ࠊࡓࡲࠋࡓ PE ࡓࢀࡉΰྜࡀ✀ PE-PP ࡟ࣝࣉࣥࢧ

PEࠊࡶ࡚࠸࠾ ᚓࡀ㛵ಀᘧ࡞ⓗ⥺┤ࡣ࡚࠸ࡘ࡟྾⇕㔞ࡢ

ࡢᮦࣝࢡ࢖ࢧࣜࡢᐇ㝿ࠊࡋ࠿ࡋࠋࡓࢀࡽ DSC ⡆ࡿࡼ࡟

༢୍ࡣ࡟ࡵࡓࡢᐃ㔞࡞౽ PE ࡛ࡳࡢ⥺㔞᳨ࡓࡵồࡽ࠿✀

ࡢᩘ「ࡣ௒ᚋࠋࡓࢀࡉㄆ☜ࡀ࡜ࡇࡿ࠶୙༑ศ࡛ࡣ PE ✀

ΰྜ࡟ࣝࣉࣥࢧ㛵࡚ࡋ ᐃࢆ㐍ࡃ࠸࡚ࡵணᐃ࡛ࠋࡿ࠶ 

IR  ᐃࣝࢡ࢖ࢧࣜࠊࡣ࡚࠸࠾࡟ᮦࡢ PE ྵ᭷⋡ࢆ⟬ฟ

NMRࠊᯝ⤖ࡓࡋ ᑠㄗᕪ࡚᭱ࡋẚ㍑࡜್ ኱ㄗᕪ᭱ࠊ0.3%

ࡀ ࢧࡓࢀ⌧ࡀㄗᕪࡢ10%௨ୖࠋࡓᚓࢆᯝ⤖࠺࠸࡜6.3%

ࡿ࠶ࡢඃ఩ᛶࠊࡣ࡚ࡋ࡜್⪄ཧࡢ±5%࡛ࠊࡃ࡞ࡣࣝࣉࣥ

⤖ᯝࡀᚓࣝࢡ࢖ࢧࣜࠊࡋ࠿ࡋࠋࡓࢀࡽᮦࡢ⤌ᡂ࡟㛵࡚ࡋ
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