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─ │⁸ ◄▪◖fi◔כ☻⌐⅔™≡ ─♃ꜟ◒ PP╩

ⱪ꜡☿☻≢ ⇔√▪☿♅ꜟ CNF Ᵽ▬○ PE⌐ ∆╢↓≤⌐╟╢ GHG

─ ≢№╢⁹ │⁸ ⱪ꜡☿☻⌐╟╢ CNF Ᵽ▬○ PE─ ≤

╩ √⇔ⱪ♇▪ꜟכ◔☻┘╟⅔ꜟכ◔☻ ≢ꜟכ◔☻ ™⁸ ♃ꜟ◒

PP ≤ ⇔≡⁸∕─◄▪◖fi◔כ☻┼─ ─ ╩ ⇔√⁹∕

─ ⁸ ≤ ─ ≢⁸╟╡ ™ ≢─

⅜ ╠╣╢⌂≥ ╩ ╢ ⅜ ╠╣√⁹╕√⁸ⱴ♥ꜞ▪ꜟꜞ◘▬◒ꜟ⅜

⌂ ≢№╢↓≤╙ ╠⅛≤⌂∫√⁹ ≢⁸ ─◄▪◖fi ─

⅛╠│ CNF Ᵽ▬○ PE ─ ⅜ ╟╡ ╡⁸ ─ ⌐ ╣⅜

∂╢↓≤⁸▪☿♩▪ꜟ♦ⱥ♪╩ ≤⇔√ VOC⅜ ─ 10 ↄ ∆╢↓≤

⌂≥⁸ ╙ ╠⅛≤⌂∫√⁹LCA ⌐⅔™≡⁸▪☿♅ꜟ CNF PE │⁸

─♃ꜟ◒ PP ⌐ ═ CO2 GHG ⅜ ╕≢ ≢⅝╢

↓≤⁸ⱴ♥ꜞ▪ꜟꜞ◘▬◒ꜟ╩ ℮≤⁸CO2 ⅜↕╠⌐ ⅝ↄ ≢⅝╢↓≤

⅜ ↕╣√↓≤⅛╠⁸ │ ─ ╩ ⇔⁸ ⱪ꜡☿☻⌐╟╡ ∆

╢ CNF Ᵽ▬○ PE─◄▪◖fi◔כ☻┼─ ⅜ ⌐ ═ GHG─ ⌐

⅜№╢↓≤╩ ⇔√™⁹ 
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Abstract  

 

The objective of this project is to reduce greenhouse gas (GHG) 

by replacing talc -reinforced polypropylene (PP) composites, which 

are currently used for a case of an automotive  air  conditioner , with acetylated 

cellulose nanofiber (CNF) -reinforced bio -based polyethylene (PE) 

composites produced through the Kyoto process. In this fiscal year , CNF -reinforced 

bio-based PE composites were manufactured through the Kyoto process on 

a labor atory and an industrial scale, 

and their performance was evaluated. Furthermore, the potential 

use of CNF -reinforced bio -based PE composites for a case of an automotive  air 

conditioner  was assessed by comparing their performance to that of talc -reinforced 

PP composites.  In this study, some excellent results beyond all 

expectations  were obtained: (1) the CNF -reinforced bio -based PE composites had 

mechanical properties comparable to talc -reinforced PP composites, 

and (2) the CNF -reinforced bio -based PE composites had 

better resistance to high temperatures  (i.e., higher heat 

distortion temperature  under high -load condition s) than talc -reinforced PP 

composites. Moreover, the CNF -reinforced bio -based PE was found to be recyclable.  

On the other han d, some challenges were identified: when a full -scale prototype  of 

an automotive  air conditioner  was manufactured, (1) the CNF -reinforced bio -based 

PE composites had inferior flowability to the currently used talc -reinforced PP 

composites, which caused a p art of the product to get swollen, 

and (2) the CNF -reinforced bio -based PE composites emitted 

about ten times more volatile organic compound s (VOC), which consist primarily of 

acetaldehyde, than  talc -reinforced PP composites.  

The results from life cycle as sessment (LCA) indicated that (1) 

use of the CNF -reinforced bio -based PE composites reduced CO2 emission (GHG 

emission) by nearly half, compared to that of talc -reinforced PP composites, 

and (2) recycled CNF -reinforced bio -based PE reduced CO2 emission to an even 

greater degree.  In the next fiscal year , we will solve the challenges mentioned 

above and demonstrate the feasibility of GHG reduction 

by replacing the c urrent ly used  talc -reinforced PP composites  with CNF -reinforced 

bio-based PE composites produced through the Kyoto process.  
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│∂╘⌐ 

⁸ ⅜ ⌐⅔↑╢ ─ │1000 / ≢ ⇔≡™╢⁹∕↓⌐

⅔™≡ ╙ ↕╣≡™╢ⱪꜝ☻♅♇◒⅜ⱳꜞⱪ꜡Ⱨ꜠fi PP ≢№╢⁹ⱣfiⱤכ

╛♪▪♩ꜞⱶ⁸▬fiⱤⱠ⁸◄▪◖fi◔כ☻⌂≥⌐

70 ♩fi⅜ ↕╣≡™╢⁹LCA ⌐ ≠ↄPP

─GHG│5kg/kg≢№╡⁸ 350 ♩fi─ ●

☻⅜ ⅜ ⌐⅔™≡ ≢ ⅎ ↑≡™

╢⁹↓─ ⌐⅔™≡⁸ ─Ᵽ▬○ⱪꜝ☻

♅♇◒≤⇔≡ ⁸ ↕╣≡™╢Ᵽ▬○PE─GHG

│1.26kg/kg≤ ↄ⁸ PP╩Ᵽ▬○PE⌐

∆╢↓≤≢ ●☻╩ 262 ♩fi ∆╢

↓≤⅜ ╢⁹⇔⅛⇔⁸Ᵽ▬○PE│PP⌐ ═

⌐ ╡ PP─ 165ǾC⌐ ⇔ PE│129ǾC ⁸

╕√⁸ ⅜ ↄ ⌐PP─ ⁸PP╩∕─

╕╕Ᵽ▬○PE⌐ ⅝ ⅎ╢↓≤│ ⌂™⁹↓╣

⌐ ⇔⁸ ╠│ PE⌐⅔™≡⁸▪☿♅ꜟ

CNF⌐╟╢ ≢ ⅔╟┘ ╩ ⅝ↄ

↕∑╢↓≤⌐ ⇔≡™╢⁹  

↕╠⌐⁸Ɽꜟⱪ╩ ⌐ ☻כ꜡ꜟ☿≡⇔

♫ⱡⱨ□▬Ᵽכ( 1)≤⇔⁸∕╣╩ ⇔≡ ╩ ∆╢ ⌐ ⇔⁸

⇔√ Ɽꜟⱪ╩ⱪꜝ☻♅♇◒≤ ⇔≡⁸Ɽꜟⱪ─♫ⱡ ≤☿

─כⱡⱨ□▬Ᵽ♫☻כ꜡ꜟ ┼─ ╩ ⌐ ⅎ╢Ɽꜟⱪ

ⱪ꜡☿☻ ╩ ⇔ 2 ⁸CNF ⱪꜝ☻♅♇◒ ⱪ꜡☿☻╩ ⌐

⁸ ◄Ⱡꜟ◑כ ∆╢↓≤⌐╙ ⇔≡™╢⁹  

─ │⁸ PP─Ᵽ▬○ⱪꜝ☻♅♇◒ ╩ ⇔⁸╕∏│

⅜№╕╡ ╘╠╣⌂™ ◄▪◖fi◔כ☻⌐⅔™≡ ─PP╩

ⱪ꜡☿☻≢ ⇔√▪☿♅ꜟ CNF Ᵽ▬○PE⌐ ∆╢↓≤⌐╟╢GHG

─ ≢№╢⁹ ─◄▪◖fi ♃ꜟ◒ PP≤▪☿♅ꜟ CNF Ᵽ▬○PE╩

─ ╛ ⁸ ⁸ ─ ⁸ ─

⅛╠ ∆╢⁹ 

─ ⌐№√∫≡│( 1)

♃ꜟ◒ PP ╩CNF

Ᵽ▬○PE ⌐ ⅝ ⅎⱣ▬○

╩ →╢↓≤⌐╟╢CO2

≤ ( 2) CNF ≢ ⅜

⇔√Ᵽ▬○PE╩ ™╢↓≤

⌐╟╢ ◄▪◖fi◔כ☻─

⁸∕╣⌐╟╢

─ ⅜ ≢⅝╢⁹∕─

1 ≤ CNF 

2 ⱪ꜡☿☻─  
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≢⁸( 3) CNF ⱪ꜡☿☻─ ⌐╟╢CO2 ⅜№╢⁹↓─↓≤⅛╠⁸

─ ∞↑≢⌂ↄ⁸ ⅛╠◄▪◖fi◔כ☻ ⁸ ╕≢─CO2

╩ ⱪ꜡☿☻╩ ╙ꜟ◒▬◘ꜞ╛ⱪ♇▪ꜟכ◔☻√⇔≥ ╘≡ ⌐ ⇔⁸

≤ ∆╢⁹∕─ ⁸ ◄▪◖fi ╩ ⇔⁸∕─ ⁸

╡ ⌐╟╢ ⁸ ◘▬◒ꜟ⁸ ⁸ ╩ ™ ─ ╩№→╢⁹

⌐│⁸ CO2 ╩ ⌐ ╠╣╢ ה ╛◖☻♩⅔╟┘

╩ ╠⅛⌐⇔⁸▪☿♅ꜟ CNF Ᵽ▬○PE⌐≈™≡ ⌐ ↑√ⱦ☺Ⱡ☻

ⱪꜝfi ╩ ∆╢⁹ 

⌂⅔⁸ │Braskem ⅜ ≢ ∆╢Ᵽ▬○PE─▪☺▪/○☿

▪♬▪⌐⅔↑╢ Ɽ⁸╡№≢כ♫♩כ∕─ ה ─

⅛╠ ↄ ╦∫≡⅝√⁹╕√⁸♦fi♁כ│ ─ ◄▪◖fi ⱷכ

⁹╢№≢כ◌ ≢│⁸↓╣╠─ כⱡⱨ□▬Ᵽ♫☻כ꜡ꜟ☿≥

─ ⁸ ⌐⅔™≡ ─♩♇ⱪ╩ ╢ ⁸

⅜⁸ꜝfi♬fi◓◦ꜙכ☼≢ ─№╢ ⱪ꜡☿☻╩ ⌐⁸ ⅜

℮ ─LCA ⌐ ≠⅝⁸ CNF Ᵽ▬○PE─◄▪◖fi◔כ☻┼─

⌐ ↑≡ ≢ ╩ ℮↓≤≢⁸ ⌐ ∆╢ ╩ ╘⁸GHG

⌐ ⅝ↄ ∆╢↓≤╩ ⇔≡™╢⁹  
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1 ≥כⱡⱨ□▬Ᵽ♫☻כ꜡ꜟ☿  CNF  

 כⱡⱨ□▬Ᵽ♫☻כ꜡ꜟ☿ 1.1

☻כ꜡ꜟ☿⁸│כⱡⱨ□▬Ᵽ♫☻כ꜡ꜟ☿ ⅜ ┘⅝╡ ─ ≢ ╩

⇔≡™╢ 4- 20nm─♫ⱡ ≢№╢⁹ ꜞⱵ◒꜡ⱨ▫Ⱪ☻כ꜡ꜟ☿│⌐

ꜟꜞⱵ◒꜡ⱨ▫Ⱪ☻כ꜡ꜟ☿│™╢№ꜟ ≤ ┌╣⁸ ─1/5─ ↕≢⁸∕─7-

8 ─ ╩ ∆╢⁹ │●ꜝ☻─1/50⁹↓╣│ ●ꜝ☻⌐ ∆╢⁹ 

│⁸∕─ ⁹╢№≢כⱡⱨ□▬Ᵽ♫☻כ꜡ꜟ☿⅜ ╛ ─ │☿ꜟ

⅜כⱡⱨ□▬Ᵽ♫☻כ꜡ ≤⌂╡ꜞ◓♬fi⅜◖fi◒ꜞכ♩─ ╩ √⇔≡™

╢ 1- 1 ⁹∕─◖fi◒ꜞכ♩╩ ╡ ™≡⁸ ≈ ≈⌐ ⇔√╙─⅜⁸◖

Ⱨכ ⌂≥─ ≤⌂╢Ɽꜟⱪ≢№╢⁹ ⅜ ≢│⁸ 2000 ♩fi ™ Ɽ

ꜟⱪ⅜ ─כⱡⱨ□▬Ᵽ♫☻כ꜡ꜟ☿≡═∆│╠╣⧵⁸⅜╢™≡⇔ ≢№

╢⁹ 

1950 ⁸ ─ ⌐╟∫≡♫ⱡ─ ╩ ╢↓≤⅜≢⅝╢╟℮⌐⌂

╢≤⁸ ⅜ ⌂ ─♫ⱡ ≢ ≡™╢↓≤⅜ ╠╣╢╟℮⌐

⌂∫√⁹1962 ⌐│⁸∕─♫ⱡ ─ │ ─2/3─140 GPa≢№╢↓

≤╩ ─ ⅜ⱪכꜟ◓ ⅛╠ ⇔≡™╢⁹↕╠⌐⁸1983 ⌐◌♫♄⁸

Ɽꜟⱪ ─Page│Ɽꜟⱪ╩ ∫ ∫≡1.7  GPa─ ─

5 ⅜№╢↓≤╩ ╠⅛⌐⇔≡™╢⁹ ╙ ™ ⅜ ╠╣√Ɽꜟⱪ≢│⁸☿ꜟ

─כⱡⱨ□▬Ᵽ♫☻כ꜡ 7 ⅜ ▬□ⱡⱨ♫☻כ꜡ꜟ☿⁸╠⅛≥↓╢™≡⇔

Ᵽכ─ │⁸1.7 GPa╩0.7≢ ⇔√ ⁸∆⌂╦∟2.5  GPa │№╢≤ ≢⅝

╢⁹⇔⅛⇔⁸∕─ │ ─ ⌐⅔™≡│№╕╡ ↕╣≡↓⌂⅛∫

√⁹ 

↓─ ⁸ ╩כⱡⱨ□▬Ᵽ♫☻כ꜡ꜟ☿─ ⌂≥─ Ᵽ▬○ⱴ☻

⅛╠ ⇔♫ⱡ ≤⇔≡ ∆╢ ⅜ ╪⌐⌂∫√─│♫ⱡ♥◒ⱡ꜡☺כ⅜

 1- 1 ─  
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╦╣∞⇔√2000 ⌐ ∫≡⅛╠≢№╢⁹⇔√⅜∫≡⁸♫ⱡ ≤⇔≡─ ─

│╕∞20 ╒≥≤™∫≡╟™⁹⇔⅛⇔⁸↓─20 ─ ⅝│ ╕⇔™⁹ ⁸

⁸ ≤™∫√ ╣√ ╩ ⁸│כⱡⱨ□▬Ᵽ♫☻כ꜡ꜟ☿∆

─ fi♫ⱡכꜞ◓│™╢№ ≤⇔≡ ↕╣⁸2004 ⁸

╛ │℮⌂⅞ ╡⌐ ⅎ≡™╢⁹ ≤⌂∫≡™╢─│⁸ ⅜

⅛≢ ⅜ ╪⌂ ⁸ ⁸∕⇔≡ ≢№╢⁹ ╦╢ ─ │

⅜ ╙ ™⁹2011 ⅛╠│⁸ⱨ▫fiꜝfi♪⁸◌♫♄⁸ ─ ≢ ─

╙ ╕╡⁸╕↕⌐⁸ ꜠ⱬꜟ≢─ ─ ╩ ⇔≡™╢⁹  

 

─כⱡⱨ□▬Ᵽ♫☻כ꜡ꜟ☿ 1.2  

1- 2⌐Ɽꜟⱪ─Ⱶ◒꜡⅛╠♫

ⱡ╕≢─ ╩ ∆⁹ Ɽꜟⱪ

⌂≥ ⅛╠─☿ꜟ

כⱡⱨ□▬Ᵽ♫☻כ꜡ ⌐≈

™≡⁸ ₁⌂ ⅜ ↕╣≡™

╢⁹ % ─Ɽꜟⱪ☻ꜝꜞכ⌐

≈™≡ ℮ ≢─

≤⇔≡│⁸ ⱱ⸗☺♫▬◙כ

1- 3 ⁸ ◌►fi♃כ◖ꜞ

☺ꜛfi ACC ⁸ⱴ▬◒꜡ⱨ

כ◙▬♄▬ꜙꜞ ⁸◓ꜝ▬fi♄כ

⁸ ⁸

⌂≥⅜№╢⁹ ≢─ │

⌂♫ⱡⱨ□▬Ᵽכ╩ ╛∆

™⅜⁸ ╛∕─ ─ ⱪ꜡☿☻⌐ ⇔≡◖☻♩ ≢№╢⁹↓╣⌐ ⇔

⅜ % ─Ɽꜟⱪה ╩ ≤⇔√ ≤⇔≡⁸

⌂≥╩ ™√ ∑╪ ⅜№╢⁹ⱳꜞⱴכ ≢─ ⌐╟╢♫ⱡⱨ□

▬Ᵽכ │⁸ⱳꜞⱴכ ┼─ ⱨ▫ꜝכ ╩ ⌐ ⅎ╢ ⅜№╡⁸

┼─♫ⱡⱨ□▬Ᵽכ ⌐⅔™≡ ≢№╢⁹  

│כⱡⱨ□▬Ᵽ♫☻כ꜡ꜟ☿ ─ ≢№╡⁸ ≡─ ⅜

≤⌂╡ ╢⁹↓╣╕≢ Ɽꜟⱪ ⌐⁸ ⁸ ꞉ꜝ⁸◖♇♩fi⁸Ᵽ●☻ ◘

♩►◐ⱦ─ ╡◌☻ ⁸☺ꜗ●▬⸗╛◐ꜗ♇◘Ᵽ─♦fiⱪfi ╡◌☻⁸ ♄▬◖

fi ♩כⱦכ●ꜙ◦ ─ ╡◌☻⁸№╢™│Ⱶ◌fi─ ◌☻╛ ◌☻≤™∫√

╛ ⌐≈™≡╙ ⅜⌂↕╣⁸™∏╣─ ⅛╠╙◓ꜝ▬fi

כ♄ ⌐╟╡ 20- 50nm ─ ♫ⱡⱨ□▬Ᵽכ⅜ ╠╣≡™╢ 1- 4 ⁹ 

⁸│⌐כⱡⱨ□▬Ᵽ♫☻כ꜡ꜟ☿ ⌂≥─Ᵽ◒♥ꜞ▪⅜ ∆╢╙─╙№

╢⁹♫♃♦◖◖≤™∫√ ⅜ ╖⅜№╢⅛╙⇔╣⌂™⁹ ♩כ◙♦⌂ ≢

№╢⁹ │ ⅛╠ⱴ♩ꜞ♇◒☻ ╩ ╡ ⅝⁸ ⌐╟╡♫

ⱡⱨ□▬Ᵽכ╩ ╡ ∆ ⅜№╢⅜⁸Ᵽ◒♥ꜞ▪☿ꜟ꜡כ☻≢│Ᵽ◒♥ꜞ▪⅜

1- 2 Ɽꜟⱪ─  
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≢♫ⱡⱨ□▬Ᵽכ╩ ⅞⌂⅜╠ ⇔⁸⅛≈ ∆╢√╘⁸ 50- 100nm─

⅜כⱡⱨ□▬Ᵽ♫☻כ꜡ꜟ☿ ∆╢↓≤⌂ↄ ⌐ ⌐ ⇔√Ⱡ♇♩

꞉כ◒ ⅜ ⌐ ╠╣╢⁹  

 

 

 

1- 3 ꜞⱨ□▬♫כ ≤ ⱱ⸗☺♫▬◙כ ╩ ╖ ╦∑√ ◒

ꜝⱨ♩Ɽꜟⱪ─  

1- 4 ₁⌂ ⅛╠◓ꜝ▬fi♄כ≢ כⱡⱨ□▬Ᵽ♫☻כ꜡ꜟ☿√⇔

כⱣꜟכ◔☻ 250 nm 
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─כⱡⱨ□▬Ᵽ♫☻כ꜡ꜟ☿ 1.3  

ꜟ♃☻ꜞ◒ⱡ♫☻כ꜡ꜟ☿⁸כⱡⱨ□▬Ᵽ♫☻כ꜡ꜟ☿ Ɽꜟⱪ╛☿ꜟ꜡כ☻

♫ⱡⱨ□▬Ᵽכ╩ ─ ≢ ⇔≡ ☻כ꜡ꜟ☿╢ ─ ™

─ ⁸ ⁸ ה ⁸ ⁸ ⁸ ⌂≥─

╩ ⅛⇔ ₁⌂ ⅜ ╘╠╣≡™╢ 1- 5 ⁹ 

400- 800nm ⌐ ═ ⌐ │כⱡⱨ□▬Ᵽ♫☻כ꜡ꜟ☿™

─ ╩ ∂⌂™√╘⁸▪◒ꜞꜟ ⁸◄ⱳ◐◦ ⌂≥─ ╩⁸∕─

╩ ⅝ↄ ⌂╦∏⌐ ≢⅝╢⁹ ╠╣√ │⁸ ≢ ⁸⇔⅛

╙ ⌐ →╢↓≤⅜≢⅝╢↓≤⅛╠ 1- 6 ⁸ EL♦▫☻ⱪ꜠כ╛

─ ≤⇔≡ ⅜ ╪≢™╢⁹  

↕╠⌐⁸♫ⱡⱨ□▬Ᵽכ ─ ╩♫ⱡ꜠ⱬꜟ⌐╕≢ ↕ↄ ∆╢↓≤≢⁸

≢↑∞כⱡⱨ□▬Ᵽ♫☻כ꜡ꜟ☿ ⌂ (CTE:8.5ppm/K)⅜ ╠╣╢⁹

↓─ │⁸ ─ ⌐ ╡√√╗↓≤╙≢⅝╢⅜⁸∕─ │ⱪꜝ☻♅♇◒─╟

℮⌐ ≢№╢⁹ ─ ╠│⁸↓╣╠─ ╩ ⅛⇔≡⁸ ♫ⱡ꞉▬ꜘ╩

⇔√ ╛ ♫ⱡ ▬fi◒╩ ™√ ≤™∫√

─ ╛⁸ⱨ꜠◐◦Ⱪꜟ▪fi♥♫⁸ⱭכⱤכ ≥▬꜠▪♃☻☺fiꜝ♩ה

™∫√ ♦Ᵽ▬☻─ ╩ ─☻כ꜡ꜟ☿⁸√╕⁹╢™≡∫ ╩

⇔√ ⱷ⸗ꜞ ReRAMהⱷ⸗ꜞ☻♃ ╛ⱨ꜠◐◦Ⱪꜟ

─ ⌐╙ ⇔≡™╢⁹ 

1- כⱡⱨ□▬Ᵽ♫☻כ꜡ꜟ☿ 5 ─ ⅜╡ 
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TEMPO ╩ ™√ ⌐╟╡ 10nm ⌐╕≢ ⱡ♫☻כ꜡ꜟ☿√⇔

ⱨ□▬Ᵽכ─ⱨ▫ꜟⱶ│∕╣∞↑≢ ™ ╩ ∆⁹ ⌂ ╩ ∟⌂⅜

╠PET╛PVC─1/100 ─ ●☻ ╩ ∆↓≤⅛╠⁸ fi▫♥כ◖─

◓ ≤⇔≡ ↕╣≡™╢⁹  

─ ╛ ⁸ ה ⁸ ╛ ≤™∫√

⁸ ─ ⁸ⱨ▫ꜟ♃כ ⁸ ◄▪꜡◕ꜟ⁸ ☿Ɽ

─┼♃◦Ɽꜗ◐כⱤכ☻⁸♃כ꜠ ⌐≈™≡╙ ⅜ ╪≢™╢⁹ ─

ꜞ◓♬fi≤☿ꜟ꜡כ☻♫ⱡⱨ□▬Ᵽכ─ ╛ ╩ ↄ ∆╢↓

≤≢⁸╟╡ ≢ ⌂ ─ ╙ ≢№╢≤ ╦╣╢⁹  

 

╢╟⌐כⱡⱨ□▬Ᵽ♫☻כ꜡ꜟ☿ 1.4  

─ ─כⱡⱨ□▬Ᵽ♫☻כ꜡ꜟ☿⁸⌐ ⌐≈™≡│ ₁⌂ ⅜⌂↕╣

≡™╢⅜⁸∕─ ≢╙⁸ ⅜ ⅝ↄ⁸ ≢ ▬□ⱡⱨ♫☻כ꜡ꜟ☿─

Ᵽכ CNF ⌐│⁸ⱳꜞⱪ꜡Ⱨ꜠fi╛ⱳꜞ◄♅꜠fi№╢™│♫▬꜡fi≤™∫√

─ ⱨ▫ꜝכ≤⇔≡╙ ⅜ ╙ ⅝™⁹  

≢│ ≤ ⇔≡ ─ ⱡ♫☻כ꜡ꜟ☿╩

ⱨ□▬Ᵽכ≢ ⌐ ∆╢ ─ ╩ ╘≡⅝√⁹  

NEDO◓ꜞכfiה◘☻♥▬♫Ⱪꜟ◔Ⱶ◌ꜟⱪ꜡☿☻ 2010- 2012

כⱡⱨ□▬Ᵽ♫☻כ꜡ꜟ☿⁸≡™⅔⌐ ⌐ 20 ─ ╩ ⌐

⇔⁸ CNF⌐╟╢ PP⁸HDPE─ ╩ ─ ≤─ ≢ ⌐

⇔√⁹ 1- 7⌐│ HDPE⌐⅔↑╢ ╩ ∆⁹CNF ⌐ ∆╢▪ꜟ◐ꜟ ⅜

ↄ⌂╢≤ ≤ │ ∆╢⅜⁸ ≢ CNF ⌐⅔↑╢ HDPE─ ⅜

╗⁹↓╣⌐ ⇔≡⁸ ↄ≡╙ ⌂ⱧⱣ꜡▬ꜟ ─ ⅜ ™ ╩ ∆↓

≤⅜╦⅛╢⁹ 

↓╣╠─ ╩ ╕ⅎ⁸10%─ CNF ≢ HDPE─ ╩ 4.5 ⁸ ╩

2.4 ⌐╕≢ ≢⅝╢ ASA ╩ ⇔√ 1- 8 ⁹

⌐⅔™≡ ⌂ ╙ 248ppm/K⅛╠ 47ppm/K╕≢ ⅝ↄ ≢⅝√⁹ 

1- כⱡⱨ□▬Ᵽ♫☻כ꜡ꜟ☿ 6 ≤∕╣╩ ⌐ ™√  

EL  
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∕─ ≢⁸HDPE≢

│ ⌐

⌐

⇔√ CNF─

⅛ ╠ ⱳ ꜞ

ⱴכ─ ꜝⱷ

ꜝ⅜ ⇔⁸CNF

╩◦◦≤⇔√◦

◦◔ⱣⱩ ≤

ⱳꜞⱴכ╩◦◦

≤⇔√◦◦◔Ᵽ

Ⱪ ⅜ ↕

╣╢↓≤╩

⇔√ 1- 9 ⁹

↓╣│⁸

⅜ ⌂ ♫ ⱡ

ⱨ▫ꜝכ≤⇔≡─ CNF─ ╩

⅛∆↓≤≢ⱳꜞⱴכ─

╩ ⇔⁸╟╡ ─

⌐ ≢⅝╢↓≤╩ ∆╙─≢

№╢⁹ ─◦◦◔ⱣⱩ │

ⱪ꜡☺▼◒♩≢ ⇔√

╩ CNF ⌐

∆╢∞↑≢╙ ╠╣≡™

╢⁹ 

 

1.5 ⱪ꜡☿☻ 

⌐⁸ ─ │

─◖☻♩ / Ɽⱨ◊כⱴfi☻⌐

⅝ↄ ⇔≡™╢⁹ ♫

ⱡⱨ□▬Ᵽכ─ ≢№╢Ɽ

ꜟⱪ─ │ 50- 60 /kg ≢№

╡⁸3000 - 5000 /kg ─

╛▪ꜝⱵ♪ ⌂≥─

⌐ ⇔≡ ⌂◖☻♩

╩ ⇔≡™╢⁹⇔⅛⇔⌂⅜

╠⁸∕─Ɽꜟⱪ╩ ⁸

⌐╟╡♫ⱡ ∆╢≤

╛ ⌐ ∆╢ ╛ ⌂

≥⅛╠ ◖☻♩│ 3000 -

/kg ⌐╕≢ ⌡ ⅜╡⁸∕─

⅜ ↕╣≡⇔╕℮⁹

1- 7 CNF─ ≤ HDPE─  

1- 8 ASA CNF⌐╟╢ HDPE─  

10% ASA modified CNF+PE 

 (E: 3.5GPa)  

PE (E: 0.8GPa)  

1- 9 CNF PE ≢ ↕╣╢◦

◦◔ⱣⱩ  (100nm :כⱣꜟכ◔☻) 
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≤ ⅜ ≢ ⱴ♇ⱪ♪כ꜡√⇔ 2014 3 ⌐│⁸

╩ ╘⁸ ╩ ⇔⁸ ◖☻♩╩ 2020 ⌐│ 1000 /kg ⌐⁸↕╠⌐

2030 ⌐│ 400 /kg ⌐╕≢ →╢↓≤⅜ ≤⇔≡ →╠╣≡™╢⁹  

∕↓≢⁸NEDOꜞ ◓ⱡ CNF ⱪ꜡☺▼◒♩ 2013- 2019 ⌐

⅔™≡Ɽꜟⱪ─ ╣√◖☻♩ ╩ ⌐╕≢ ≈↓≤╩ ⌐⁸Ɽꜟⱪ

╩ ⇔♫ⱡⱨ□▬Ᵽכ⌐⇔≡⅛╠ ≤ −╢─≢│⌂ↄ⁸☿ꜟ꜡כ☻♫ⱡ

ⱨ□▬Ᵽכ─ ≢№╢Ɽꜟⱪ╩ ≤ ∫≡Ɽꜟⱪ─♫ⱡ ≤♫ⱡ

ⱨ□▬Ᵽכ─ ┼─ ╩ ℮ⱪ꜡☿☻╩ ⇔√⁹Ɽꜟⱪ─ ≢∆

כⱡⱨ□▬Ᵽ♫☻כ꜡ꜟ☿─≡═ ╩ ⇔√ ⁸ⱳꜞⱪ꜡Ⱨ꜠fi╛♫

▬꜡fi 6≤™∫√ ≤ ⅜כⱡⱨ□▬Ᵽ♫☻כ꜡ꜟ☿⁸≥╢∆ 10%

↕╣√ ≢ ─ ╛ │ 2Έ3 ⌐ ∆╢⁹↓─Ɽꜟⱪ

╩ כⱡⱨ□▬Ᵽ♫☻כ꜡ꜟ☿√⇔≥ │ ╩ ∫√

⅔╟┘ ⌐∟⌂╖₈ ⱪ꜡☿☻₉≤ ↑⁸ ⅛╠

╕≢╩ ⇔√ꜞ◓ⱡ CNF ─ ◄Ⱡ ─ ⱪ꜡☿☻─ ╩ ╘≡™

╢ 1- 10 ⁹ 

ⱪ꜡☿☻│ ⅝ↄ│ Ɽꜟⱪ─ ≤ ◖fiⱤ►fi♦▫fi◓⌐ ↑╠

╣⁸∕╣╠⅜ ⌐ ∆╢↓≤≢ⱪ꜡☿☻ ─ ⅜ ╠╣≡™╢⁹

Ɽꜟⱪ⌐│ ⇔√ ≤─ ⌐ ∑∏ CNF⅜ ╣⌂™ ⁸

⅛≈⁸ ⌐♫ⱡ꜠ⱬꜟ╕≢ ╣╢ ⅜ ╘╠╣⁸∕─ ⌐│

─ ╛ ─ ⁸ ≤™∫√ ⌐ ∆╢

⅜ ≢№╢⁹ 

1- 10 Ɽꜟⱪ ⱪ꜡☿☻  
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↓─ⱪ꜡☿☻⌐ ≠ↄ⁸ ♩fi─ꜞ◓ⱡ CNF ╩ ∆╢♥☻♩ⱪ

ꜝfi♩ ⌐│ 5♩fi/ ⌐╕≢ ╩ ◐ꜗfiⱤ☻ ⌐

⇔⁸ ─ ╛ ⌐ ↑≡♥☻♩ⱪꜝfi♩╩ ™≡ ⇔√◘fi

ⱪꜟ─ ╩ ∫≡™╢⁹↓╣⌐╟╡⁸ ─ ♫ⱡ ≢ ⇔√

─ ⅜ ⅝ↄ ╗↓≤⅜ ↕╣╢⁹  

 

 

─כⱡⱨ□▬Ᵽ♫☻כ꜡ꜟ☿ (2010)  (1) ≤ . ◄Ⱡꜟ◑כ

89(12): 1134-1140 

(2) (2015) ─ │ ≢≈ↄ╢. 69(4): 71-76  

כⱡⱨ□▬Ᵽ♫☻כ꜡ꜟ☿ (2015) (3) ─ ⌐ ↑≡ . 

62(5): 1-5 
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2  Ᵽ▬○ PE 

2. 1 Ᵽ▬○ PE─ ⱪ꜡☿☻ 

 Ᵽ▬○ⱳꜞ◄♅꜠fi Ᵽ▬○PE ─ ⱪ꜡☿☻│ 2- 1 ⁸Ⱪꜝ☺ꜟ─◘♩►

◐ⱦ⅛╠ ─ ⌐ ∆╢ ╩ ⌐ ה ╩ ≡◄♃

ⱡכꜟ╩ ⇔⁸ ⌐╟╡◄♃ⱡכꜟ╩ ה ⇔ ◄♅꜠

fi⸗ⱡⱴכ⌐ ⁸ ≢◄♅꜠fi⸗ⱡⱴכ╩≈⌂⅞ ╦∑≡ ⱳꜞ◄♅꜠

fiⱳꜞⱴכ╩ ∆╢╙─≢№╢⁹Ᵽ▬○PE⌐│ ⅝ↄ ↑≡ PE(HDPE)⁸

PE LLDPE⁸ PE LDPE ─3≈─ ⅜№╡⁸ ╛◖⸗ⱡ

ⱴכ≤ ╦╣╢ ⌐╟╡ ⌐ ∂√ ↄ─◓꜠כ♪╩ ╢↓≤⅜≢⅝╢⁹  

 

2- 1 Ᵽ▬○PE─ ⱪ꜡☿☻ 

2. 2 Ᵽ▬○ PE─  

 Ᵽ▬○PE─ │2004 ⌐ ╡⁸ │ ─ ╛ ⁸

√™≡╣↕ⱪ♇▪☼כ꜡◒⅜ ─ⱪכꜟ◓♃ꜜ♩⁹╢№≢ ≢№╢

⁸│פֿ ╩ ⇔ ⅛╠ⱪꜝ☻♅♇◒╩ ∆╢↓≤⌐╟╡

╛ ─ ⅜ ╣╢≤ ⅎ⁸ ─ ─Ⱪꜝ☻◔fi

Braskem S.A. ⌐ ⇔ ╩ ╘√⁹╕∏ ╘⌐ ╡ ╪∞↓≤│

≢№╡⁸ 2- 2 ╩Ⱪꜝ☻◔fi ⌐ ⇔2007 ⌐◘

♩►◐ⱦ ─◄♃ⱡכꜟ╩ ≤⇔√100% ♅◄ꜞⱲfi╩╙≈ⱳכ◌─

꜠fi⌂╠┘⌐ⱳꜞⱪ꜡Ⱨ꜠fi─ ⌐ ⇔√⁹ⱳꜞⱪ꜡Ⱨ꜠fi│◄♅꜠fi╩ⱪ

꜡Ⱨ꜠fi⌐ ∆╢◄♅꜠fi─ ≤ⱷ♃☿◦☻ ╩ ⇔√⁹  

 

◄♃ⱡה              ꜟכ  

2- 2 2006  

─ ⌐│⁸ ╩ ∆╢ ≢ ⌂ CO2 ≤◘♩►◐ⱦ

─ ╛⁸ ⁸ ◖☻♩⁸ ─ ╩ ⇔⁸

2008 ⌐Ᵽ▬○ PE─ ⅜ ⇔√⁹∕⇔≡ 2011 1 ⅛╠Ⱪꜝ☻◔fi ─
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♩ꜞ►fiⱨ◊ ≢ ─ 2- 3 ⅜ ╕∫√⁹ │ 20

♩fi≢ ⌐ ╦∑√ ♪כ꜠◓⌂₁ 2- 1 ╩ ⇔⁸ ╩ ╘⁸ꜜ ♇꜡כ

Ɽ╛▪ⱷꜞ◌⌂≥ ₁⌂ ≢ ↕╣≡™╢⁹  

 

2- 3 Ⱪꜝ☻◔fi Ᵽ▬○ PE ⱪꜝfi♩ 

 

2- 1 Ᵽ▬○ PE◓꜠כ♪  
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2.3 Ᵽ▬○ PE─◖☻♩≤  

Ᵽ▬○ PE│ ─ PE≤ ∂ ─√╘⁸ ⌐╟╢ ─

│ ™⅜⁸◖☻♩│ 30 50% ↄ⌂╢↓≤⅛╠ ♫ⱨ◘╩ ≤∆╢

PE ⁸ ⌐ ⌂ ╛ ⌐╟╢ ⅜ ⇔≡⅝√⁹  

⌐╟╢Ɑ♇♩Ⱳ♩ꜟ◐ꜗ♇ⱪ╛꜠☺⅛↔⁸Ⱪ꜡כ ⌐╟╢Ⱳ♩ꜟ╛

Ⱪ⁸ⱨ▫ꜟⱶכꜙ♅ ⌐╟╢↔╖ ╛꜠☺ ⁸ ╘ ⅎ◦ꜗfiⱪכ ⌂≥

ↄ ╦╣≡⅔╡ 2- 4 ⁸ ≢│ 2- 5─ ⱴכ◒⅜ ™╠╣≡™╢⁹  

 

2- 4 Ᵽ▬○ PE─ ≢─  

 
2- 5 Ᵽ▬○ⱴ☻ⱪꜝ☻♅♇◒─ ⱴכ◒  

─ │⁸ 5 ⌐ ⅜ ⇔√₈ⱪꜝ☻♅♇◒ ₉

⌐⅔™≡ ⌐ Renewable⅜ ╦╡ 3R Renewable ⁸2030 ╕≢⌐

200 ♩fi─Ᵽ▬○ⱴ☻ⱪꜝ☻♅♇◒╩ ∆╢ ⅜ ↕╣√↓≤╛⁸ ─

⅜ ⇔≡™╢↓≤≢⁸ │ ⌐ ∆╢≤ ╕╣≡™╢⁹

╕√⁸Ɽꜞ ─ ⌐≤╙⌂℮ ⌂ CO2 ─ ╡ ╖≤⇔≡⁸ ╛

⌂≥─ ╙ ⅝ↄ ┘╢↓≤⅜ ↕╣⁸Ⱪꜝ☻◔fi ≢│ ╩ ∆

╢ ╩ ╘≡™╢⁹ 
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2. 4 Ᵽ▬○ PE─  

2. 4. 1 ◄♃ⱡכꜟ ─  

Ⱪꜝ☺ꜟ─◘♩►◐ⱦ ─ │ ↄ⁸ │ 800 ha─ ⅛╠ ⌐

6 ♩fi╙─◘♩►◐ⱦ⅜ ↕╣╢⁹Ⱪꜝ☺ꜟ ⌐ ╘╢◘♩►◐ⱦ

─ │ 15% ≢№╢⁹ 2- 6⌐ ∆╟℮⌐⁸ ⅜ ≢ ─ 90%⁸

╕√ ⅜ 10%≢№╡⁸≤╙⌐▪ⱴ♂fi ≤│ 2, 000 2, 500 ╣√

≢№╡⁸╟ↄ ↕╣╢▪ⱴ♂fi ─ ≤│ ⌂™⁹  

 

◘♩►◐ⱦ─ │⁸⅛≈≡│ ╡≢ ╦╣ ─ ≤⌂╢ ╛

╩ ⌐ ⇔ ─ ╩ ⅝ ↓⇔≡™√⅜⁸ │

⅜ ╖ ╙⌂ↄ⌂∫√ 2- 7 ⁹↕╠⌐ ⌐╟╢ │ IOT

⅜ ⇔⁸GPS╩ ⇔≡╒╓ ≢ ↄ╟℮⌐⌂╡⁸ ─√╘⌐○Ɑ

⅜כ♃כ꜠ ⇔≡™╢⅜⁸ │ ⌐ ⅛℮≤ ╦╣╢⁹  

 

2- 6 ◘♩►◐ⱦ─  

2- 7 ◘♩►◐ⱦ─  
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Ⱪꜝ☺ꜟ─ ꜟכⱡ♃◄ה ─ │ ⅝ↄ⁸ ≢ ⌐ 200

500 ♩fi ─ ◐ⱦ╩ ⇔≡™╢⁹ ≢│ ה ≢◘♩►◐

ⱦ⅜ ↕╣≡™╢⅜⁸∕─ │ ≢ 150 ♩fi─ ≢№╡Ⱪꜝ☺

ꜟ─ 1 ⌐ √⌂™⁹Ⱪꜝ☺ꜟ ≢│ 300 ─ ⅜№╡⁸ ╩ 4, 000

♩fi⁸ ◄♃ⱡכꜟ╩ 2, 600 ◐꜡ꜞ♇♩ꜟ ⇔≡™╢⁹◄♃ⱡכꜟ│ ⌐

Ⱪꜝ☺ꜟ ─ ─●♁ꜞfi─ ≤⇔≡ ↕╣⁸◄♃ⱡכꜟ≤●♁ꜞ

fi╩ ⌂ ≢ ≢⅝╢ FFV Flexible fuel vehicle ─ ⅜ ≢№

╡⁸♩ꜜ♃ │ FFVⱢ▬Ⱪꜞ♇♪ ╩ ⌐ ⇔≡™╢⁹  

2- 8 │⁸ ◐ⱦ ⅛╠⁸ ─≢╕╢⅝≢⅜ꜟכⱡ♃◄ה ╣╩ ⇔√

╙─≢№╢⁹ ≢ ₁⌂Ᵽ▬○ⱴ☻ ⅜ ⌐ ⇔⁸ ≤◄♃ⱡכꜟ

─ │⁸ ─ ╡⅛∆ Ᵽ●☻ ╩◄Ⱡꜟ◑כ ≤⇔≡ ≡─ ≤ ╩ ℮

↓≤⅜≢⅝╢─≢ CO2─ │ ≢№╢⁹╕√⁸ ─ ™Ᵽ▬○ⱴ☻Ⱳ▬ꜝכ

╩ ≈ ≢│ ─ ╩◓ꜞ♇♪╩ ⇔≡ ⇔≡⅔╡⁸Ⱪꜝ☺ꜟ

─ CO2 ╩ →≡™╢⁹ 

 

2- 8 ◘♩►◐ⱦ ⅛╠ ꜟכⱡ♃◄ה ╕≢─ ╣  

 

╕√ ─ ≢│⁸ⱨ▫ꜟ♃⁸│◐כ◔כ ⌂≥≤ ⇔

⇔ ↕╣⁸◄♃ⱡכꜟ 2- 9 │ fiꜞה ╩ꜞ◌ה ↄ ╖⁸

30 │ ┼─ ≢ ⅜ ≤

⌂∫≡™√⅜⁸ ≢│◘♩►◐ⱦ ─ ה

≤⇔≡ ↕╣╢↓≤≢ ⇔≡™╢⁹↕╠⌐⁸

⌐ ╛↕╣⌂ↄ⌂∫√ ╛ │ ⌐ ↕

╣≡™╢⅜⁸ │⁸Ᵽ▬○◄Ⱡꜟ◑כ╛ ≤⇔

≡─ ⅜ ↕╣≡™╢⁹ 2- 9 ─  
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2. 4. 2 LCA  

2011 3 ⌐ ⁸ ⁸Espaço ECO⁸Braskem≢◘♩►◐ⱦ ⅛

╠Ᵽ▬○ PE ⁸ ┼─ ⁸ ≢─ ╕≢╩ ╘√ LCA ╩

™⁸ ─ PE Fossil - PE ≤─ ╩ ∫√⁹ 2- 10⌐ ⇔√ PE ─ꜝ

▬ⱨ◘▬◒ꜟ◦☻♥ⱶ╩ ∆⁹  

 
PE ⌐│⁸ ⱳꜞ◄♅꜠fi LDPE⁸ ⱳꜞ◄♅꜠fi HDPE⌂≥⅜№╢

⅜⁸↓↓≢│ HDPE ╩ ⇔≡™╢⁹Bio- PE⁸Fossil - PE ≤╙⌐ ⅛╠

⁸ ⁸ ⌐╟╢ ╕≢╩ ╗⅜⁸ ─ ≤ ⁸

╕≢─ⱪ꜡☿☻│⁸ ⅜ ⌐╦√╢↓≤≤ PE≢ ⅜⌂™↓≤⅛╠

≤⇔√⁹ │ PE 1 kg─ ≢─ ≤⇔√⁹ 

╢↑⅔⌐Ɽ♇꜡כꜜ≥ PE─ ⌂ ╩ ™√◦♫ꜞ○╩◦

♫ꜞ○ 1⅔╟┘ 2≤⇔≡ ∆╢⁹∕⇔≡⁸◘♩►◐ⱦ◄♃ⱡכꜟ ─ PE╩

™√◦♫ꜞ○╩◦♫ꜞ○ 3≤⇔≡ ⇔⁸Fossil - PE≤ Bio- PE╩ ∆╢⁹Fossil -

PE─ GHG │⁸ ─Ɽ♇꜡כꜜ┘╟⅔ ⅜ ⇔≡™╢ 1,2)╩

⇔√⁹ 

─Ᵽ▬○◄♃ⱡ⁸│ꜟכ◘♩►◐ⱦ╩ ≤⇔≡Ⱪꜝ☺ꜟ ◘fiⱤ►

꜡ ─ ≢ ↕╣≡™╢⁹Ⱪꜝ☺ꜟ⌐⅔↑╢◘♩►◐ⱦ─ ⁸ ⅛

╠◄♃ⱡכꜟ ╕≢─▬fiⱬfi♩ꜞכ♦כ♃│ 3)⌐╟∫√⁹ ⁸ ─▬

fiⱬfi♩ꜞ⁸│≡™≈⌐כ ─ ⁸ ╡╙⇔ↄ│ ╡⌐╟╢

⅛⁸ ─♩ꜝ♇◦ꜙ ╛ ╩ ∆╢⅛≥℮⅛ ╡ ─ │

∏ ⇔⁸ ─ │ ⅜ ∆╢ ⌂≥⌐╟∫≡ ∆╢ 3,4)⁹

≢│ 2005 ─Ⱪꜝ☺ꜟ─ ♃כ♦⌂ 3)╩ ™√⁹ 

◄♃ⱡכꜟ ⅛╠ PE ╕≢⁸PE ⅛╠Ⱪꜝ☺ꜟ─ ≢№╢ꜞ○◓ꜝ

fi♦ ╕≢⁸ꜞ○◓ꜝfi♦ ⅛╠ ─ ─ ╕≢─ ≤

2- 10 ꜝ▬ⱨ◘▬◒ꜟ◦☻♥ⱶ 
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│⁸ ╩♃כ♦─ ™√⁹◄♃ⱡכꜟ⅛╠◄♅꜠fi─ ⱪ꜡☿☻│⁸ ─

─ ⌐♃כ♦ ≠™≡ ⇔√⁹⌂⅔⁸◄♅꜠fi ─ ≤⌂╢◄♃ⱡכ

ꜟ│⁸ ◄♃ⱡכꜟ╩ ⇔≡™╢─≢⁸ ─╟℮⌐ ◄♃ⱡכꜟ

⌐∆╢ ⅜⌂™⁹◄♅꜠fi ⁸PE┼─ ⱪ꜡☿☻⌐≈™≡│⁸ 5)

╩ ™√⁹◘♩►◐ⱦ─ ╡⅛∆≢№╢Ᵽ●☻─ ╙ ⌐ ∆╢⁹Ᵽ●☻

│ ≤⇔≡ ≢№╡⁸ ◄♃ⱡכꜟ◘▬♩≢│↓╣⌐╟╡ ╩ ∫

≡™╢⁹◄♃ⱡכꜟ ⌐ ⌂◄Ⱡꜟ◑כ╩╕⅛⌂℮ ⌐Ᵽ●☻╩ ╢↓≤

⅜≢⅝⁸↓─ Ᵽ●☻│ ↕╣╢ ≤↕╣⌂™ ⅜№╢⁹ ⌐⅔↑

╢ ≢│⁸◄♃ⱡכꜟ ⌐│Ᵽ●☻╩ ≤⇔≡ ⇔⁸ Ᵽ●☻⅔╟┘

╙ ↕╣╢≤⇔√⁹PE ─ ─ │ ⌐⅔↑╢

╩ ⇔≡⅔╡⁸Ᵽ●☻╩ ╘ ⌐ ↕╣╢ CO2│⁸◘♩►◐ⱦ ─

≤ ⇔™≤ ⇔√⁹Ᵽ♇◒◓ꜝ►fi♪♦⁸∟℮─♃כⱩꜝ☺ꜟ⌐⅔↑╢

♩ꜝ♇◒╛ ⁸ │Ⱪꜝ☺ꜟ─ ♃כ♦ 3,6)╩ ™√⁹⌂⅔Ⱪꜝ☺ꜟ─

│ ⅜ ≢№╡⁸ ●☻(GHG) │ 0.106 kg - CO2e/kWh≤

↕™↓≤⅜ ≢№╢ 6)⁹∕─╒⅛│ LCA ⱨ◊כꜝⱶ♦כ♃ⱬכ☻ 1)╩

⇔√⁹ 

2- 11⌐ GHG ⌐ ∆╢◦♫ꜞ○ ─ ╩ ∆⁹◦♫ꜞ○ ⅜ ⁸

─Ɽ♇꜡כꜜ⅜ Fossil - PE─ ≢№╢⁸◦♫ꜞ○ 3⅜ Bio- PE─ ≢

№╢⁹◦♫ꜞ○ 1≤─ ⌐⅔™≡Ᵽ▬○ PE│ CO2╩ 70%⁸◦♫ꜞ○ 2≤─

⌐⅔™≡ 73% ≢⅝╢ ≤⌂∫√⁹ 

◘♩►◐ⱦ ⌐⅔↑

╢ CO2 ⌐╟╡ PE

─ CO2 ╩ ∟ ↕

╣╢↓≤⅜⁸ GHG

─ ⌐ ⅝ↄ ⇔

≡™╢↓≤⅜╦⅛╢⁹

─ ─℮∟⁸Ⱪꜝ☺

ꜟ⅛╠ ┼─

│⁸ ≢⅝⌂™ ⅜

№╢⅜⁸PE ─ ⌐

═╢≤ ↕™↓≤⅜╦

⅛╢⁹Ⱪꜝ☺ꜟ ─

─ │╒≤╪≥ ™⁹

Ᵽ●☻⅔╟┘

╩ ∆╢

│⁸ ─ GHG

⅜ ↕™Ⱪꜝ☺ꜟ≢

№∫≡╙ ⅝⌂ ⅜№

╢↓≤⅜╦⅛∫√⁹ 

2- 11 GHG ◦♫ꜞ○ ─   
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2. 4. 3 Ᵽ▬○ⱴ☻  

 Ᵽ▬○ PE⌐ ╕╣╢ ─ │⁸Ᵽ▬○ⱬכ☻  ASTM D6866≢

∆╢↓≤⅜≢⅝╢⁹ ─ │ (C14)╩ ╕⌂™─≢⁸Ᵽ▬

○ⱴ☻ ≤─ ⅜ ≢№╡⁸ ⌐ ╕╣╢ (C14) ╩

∆╢↓≤⌐╟∫≡Ᵽ▬○ⱴ☻ ─ ⅜ ≢№╢⁹  

2- 12│⁸2010 11 ⌐ ⇔√ ⱬה♃כ▪♫ꜞ♥▫♇◒ ⌐╟╢Ᵽ▬○

PE⌐ ─Ⱳfiכ◌╢╣╕ ≢№╢⁹↓─Ᵽ▬○ PE≢│ ⅜Ⱳfiכ◌─96%

≢№╢≤ ↕╣√⁹ ╡─ 4%│ ○▬Ⱳfi≢№╢⅜⁸Ᵽכ◌─ PE

─ ≤⌂╢◖⸗ⱡⱴכ ≥Ⱳfiכ◌─ ╦╣╢⁹ ─ ⅛╠⇔↕

╩ ∆╢√╘⌐⁸ ⌐ PE≤Ᵽ▬○ PE╩ ─ ≢ ⇔√◘fiⱪꜟ

╩ ⇔ ╩ ⇔√⅜⁸∕─ ─ │ ↄ ≢⅝╢ ≢№

╢≤ ∆╢↓≤⅜≢⅝√⁹ 

 

2- 12 ⱬה♃כ▪♫ꜞ♥▫♇◒ ⌐╟╢Ᵽ▬○ PE─◌כⱲfi─  
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2.5  Ᵽ▬○ PE─ ≤ ◖☻♩ ⁸ ─ ─ⱳ♥fi◦ꜗꜟ  

 ─ ⌐╟╡⁸Ᵽ▬○ⱴ☻ⱪꜝ☻♅♇◒─♬כ☼⅜ ⌐

┘≡╝ↄ≤ ⅎ╠╣⁸ ⱳ♥fi◦ꜗꜟ╩⁸ ≤⌂╢◘♩►◐ⱦ─

≤ ─ ⅛╠ ⇔√⁹  

 

2. 5.1 Ⱪꜝ☺ꜟ─ ◐ⱦ ◄ꜞ▪─  

─Ⱪꜝ☺ꜟ─ 2- 13 ⌐⅔↑╢◘♩►◐ⱦ ─ │

─ 2.4 %≤ ↕ↄ⁸ ─Ᵽ▬○ PE─ 20 ♩fi/ ⌐ ⌂ ─

≢│ 0.02%⌐ ⅞⌂™⁹ 

 

Ⱪꜝ☺ꜟ⌐⅔↑╢ ◐ⱦ ◄ꜞ▪─ 2- 14 │⁸Ⱪꜝ☺ꜟ─

╛ ⌂≥≢ ↕╣⁸Ⱪꜝ☺ꜟ─ ⌐⅔™≡ ─ 6 ⌐№√╢ 6

Ⱬ◒♃כꜟ ≤ ╠╣√⁹↓╣│⁸ ⌐ ⅛╠─ ≢▪ⱴ♂fi

╛Ɽfi♃♫כꜟ ⌂≥─ ─ ™ ╩ ⇔≡™╢⁹╕√⁸

│⁸ ⅜ ─√╘⌐ ─ ╩ ╘≡⅔╡ ─ ⅜

↕╣╢⁹ 

2- 13 Ⱪꜝ☺ꜟ─  

2- 14 Ⱪꜝ☺ꜟ─  
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2.5 .2   

─◕ⱡⱶ ה ─ ⌐╟╡⁸ ─◘♩►◐ⱦ─ 2 3 ─

⅜ ≢⅝╢◄Ⱡꜟ◑כ◔▬fi╛♁ꜟ●ⱶ⅜ ↕╣ 2- 15 ⁸ ⅜ ↄ

⌂∫≡⅝√⁹ 

 

2- 15  

 

 ◄Ⱡꜟ◑כ◔▬fi│Ⱪꜝ☺ꜟ─ ╛ ⌐╟╡ ↕╣⁸ ₁⌂◘♩►

◐ⱦ─ ╩ ⇔⁸ ─ ╛ ⁸ ╛ ┼─ ⌂≥╩ ≈

╩ ⇔⁸ ⌐╟╢ ╩⇔≡™╢ ╖ ⅎ≢│⌂™ ⁹ ≢│

─◘♩►◐ⱦ─ 2 3 ─ ≤⌂╢ ⅜ ↕╣≡™╢⁹

╕√⁸◘♩►◐ⱦ│ ⇔ ⌐╟╡ ↕╣ │ ∆╢√╘ 5

─ ≢ ⅎ╢⅜⁸◄Ⱡꜟ◑כ◔▬fi│ ⅜ ⅎ╢╙─⅜ ↕╣≡™

╢⁹ ⌐ ─ ≢│ ⅜ ╕∫≡⅔╡⁸ ⌐ ⅎ≡╝ↄ≤ ⅎ╠

╣╢⁹ 

≢⁸ ♁ꜟ●ⱶ│⁸ ─ⱬfi♅ꜗכ ♩כⱡ☻כ▪╢№≢ ≤

⁸ ⌂≥─ ↄ─ ≤─ ⌐╟╡ ↄ─ ╩ ⇔≡™╢⁹

♁ꜟ●ⱶ≤ ─ │ ↄ⁸ ≢ ↕╣√ ⌂ ─ ⅜ ⅎ╢

↓≤⅜ ╖⌐⌂╢≤─↓≤≢№╢⁹♁ꜟ●ⱶ│ ╩ ∆╢ ⅜ ™⅜⁸◘♩

►◐ⱦ─ ≤⇔≡ ╩ ⌐√ↄ↕╪ ⅎ⁸↕╠⌐ ≤⌂╢ ∆

╢ ☻כ꜡◒☻╢№≢ ─ ™ ⅜ ↕╣√⁹ ─╖≢│⌂ↄ⁸▪

⁸▪ꜞꜝ♩☻כ○⁸▪☺ ⌂≥ ↄ─ ≢♥☻♩ ↕╣≡⅔╡⁸Ⱪꜝ☺ꜟ

⌐⅔™≡╙⁸◘♩►◐ⱦ ╖─ ≤⁸◘♩►◐ⱦ─ 2 3 ─ ≤⌂╢

⅜™ↄ≈⅛ ↕╣≡™╢⁹╕√⁸◘♩►◐ⱦ─ │ 1 ⌐ ≢№╢⅜⁸

♁ꜟ●ⱶ│ 4⅛ ≢ ⅜≢⅝╢√╘⁸Ⱪꜝ☺ꜟ⌂≥ ⌂ ≢│⁸ ╡─ 8⅛

╩ ⇔⁸♁ꜟ●ⱶ─ ╛ ⌂≥─ ╙fiꜛ◦כ♥כ꜡─ ⅎ╠╣⁸

≤◄Ⱡꜟ◑כ ─ ─ ╙№╡⁸ ─ ⅜ ╕╣╢⁹  
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2. 5.3  ◄♃ⱡכꜟ  

↓╣╕≢⌐ ═√ ─ ≤ ⌐╟╢◄♃ⱡכꜟ─ ╩

2- 16 ⌐╕≤╘√⁹ ─ │ ─ ꜟכⱡ♃◄ה ⁸ ─ │ ◄

ꜞ▪─ ⁸ ─ │ ┼─ ≢№╡⁸◄♃ⱡכꜟ│ 5 KL

─ 19 ╙─ ⅜≢⅝╢ ≤⌂╡⁸◄♃ⱡכꜟ╩ ≤∆╢Ᵽ▬○ PE─

ⱳ♥fi◦ꜗꜟ│ ™↓≤⅜╦⅛∫√ │ ─ ⅛╠ 1 ♩fi⌐ ⁹

╕√⁸Ᵽ▬○ⱷ♃fi│⁸ 2- 8 ─ ה ╛ ⌂≥─ Ᵽ▬○ⱴ☻

⅛╠ ∆╢╙─≢⁸ │ 3.1 ♩fi╙─ⱳ♥fi◦ꜗꜟ╩ ∟⁸↓╣│

⅜ ∆╢ ◄Ⱡꜟ◑כ─ ⌐ ∆╢ ≢№╢⁹  

 
2- 16 ◄♃ⱡכꜟ  

 

2. 5.4  Ᵽ▬○ PE ≤ ─  

 ─Ᵽ▬○ PE│◘♩►◐ⱦ─ ╩ ≤∆╢◄♃ⱡכꜟ⅛╠ ↕╣≡™

╢⅜⁸ ⌐│⁸ ≢ ═√ Ᵽ▬○ⱴ☻╩ ⇔≡ ∆╢↓≤⅜

≤⌂╢≤ ⅎ╠╣╢ 2- 17 ⁹ 

⌐│ ≢ ╛ ⌂≥╩Ᵽ▬○●☻ ⱷ♃fi CO2 ⌐

⇔⁸ⱷ♃fi CO2 ќⱷ♃ⱡכꜟќ○꜠ⱨ▫fi─ ≢ ∆╢

╛ ≢◄♅꜠fi╩ ∆╢ ⅜№╢ ⁹  

 

2- 17 Ᵽ▬○ PE ≤ ─  
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2. 5.5  Ⱡ●♥▫Ⱪ◄Ⱶ♇◦ꜛfi─Ᵽ▬○ⱴ☻ⱪꜝ☻♅♇◒─  

Ᵽ▬○☻ⱪꜝ☻♅♇◒─ ה ≤ CO2╩ ⌐ ∆╢ CCS╛ ╩ ∆

╢ EOR 2- 18 ≤ ╖ ╦∑╢↓≤≢⁸CO2─ ⅜ ≢⅝╢⁹ 

 

2- 18 CCS/EOR 

2- 19⌐ ∆╟℮⌐⁸◄♃ⱡכꜟ─ ≢│ ⅛╠ 1⸗ꜟ─◄♃ⱡכꜟ≤ 1

⸗ꜟ─ CO2⅜ ∆╢⁹╕√ ─ ≤⇔≡ →√ⱷ♃fi ≢│⁸1⸗ꜟ

─ⱷ♃fi⌐ ⇔ 0.8 ⸗ꜟ ─ CO2⅜ ∆╢⁹↓╣╠─ CO2│ ™

≢ ∆╢√╘ │ ≢№╡⁸CCS/EOR ╩∆╣┌ CO2╩ ⅛╠ꜞⱣכ

☻≢⅝╢ Ⱡ●♥▫Ⱪ◄Ⱶ♇◦ꜛfi ⁹↕╠⌐ⱪꜝ☻♅♇◒│⁸ כꜚꜞ⌐

╩ꜟ◒▬◘ꜞה☻ ≡ ⌐ ⌂◄Ⱡꜟ◑כ≤⇔≡╙ ≢⅝╢─≢⁸∕

─ CO2╙ ⇔ CCS/EOR ╩∆╣┌⁸↕╠⌐ ↄ─ CO2╩ ⅛╠ꜞⱣכ☻≢⅝

╢↓≤⌐⌂╢⁹ ™ ⅎ╣┌⁸ ─ CO2╩ ∆╢ⱳfiⱪ≤⌂╢Ᵽ▬○ⱴ☻╩

∆╣┌⁸ ќ◄Ⱡꜟ◑כ ╩⇔≈≈⁸ ⌐ ⅎ≡⇔╕∫√ ─

╩Ⱳfiכ◌ ⌐ꜞⱣכ☻∆╢↓≤⅜ ⌐⌂╢≤™℮↓≤≢№╢⁹  

 

2- 19 Ⱡ●◄Ⱶ♇◦ꜛfi─  
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Ⱪꜝ☺ꜟ─ ⌐╟╢CCS/EOR─ ≢│ 2- 20 ⁸◘♩►◐ⱦ─

≤CCSהEOR─ ⅜ ⌂╡⁸╕√◘fi♩☻ ─ ╙ ≤⌂∫≡⅔

╡ ≢ ⇔√CO2╩◄Ⱡꜟ◑כ ─ ╡ ≢ ⇔CCS/EOR⅜≢⅝╢

⅜№╢⁹ 

 

 
2- 20 Ⱪꜝ☺ꜟ⌐⅔↑╢CCS/EOR─  

 

ₒ ₓ 

1) LCA ⱨ◊כꜝⱶ JLCA- LCA ♦כ♃ⱬכ☻ 2010 3 .  

2) Plastic Europe, Environmental Product Declarations of the  European 

Plastics Manufacturers, High density  polyethylene (HDPE), (2008).  

3) I. C. Macedo, J. E. A. Seabra, J. Silva, Biomass Bioene. 32,582 (2008).  

4) J. Fargione, J. Hill, D. Tilman, S. Polasky, P. Hawthorne, Science 319  

5) Boustead Consulting Ltd., The Boustead  Model, version  5.0 (2006).  

6) 5 14- 19 (2004).  
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3  ⅔╟┘ ⱳꜞⱪ꜡Ⱨ꜠fi─ ≤  

3. 1 │∂╘⌐ 

⌐│₈ ╢⁸ ⅜╢⁸ ╕╢₉─ ⅜ ╘╠╣⁸ ⅛╠⌂╢

ה ⌐╟╡ ↕╣≡™╢⁹ ─ ⅛╠│ ●☻ ⁸ ⁸

⁸ꜞ ◘▬◒ꜟ⌂≥─ ⅜№╢⁹ ─ ≢│ ⁸

⁸ ⁸ ה ≈⌂⅜╢ ⌂≥╩ ⅎ╢ ⅜№╢⁹∕─ ≤

╩ ∆╢√╘⌐⁸ ⁸NVH Noise⁸ Vibration ⁸ Harshness⁸

ה ה ╡ ⁸ ⅜ ╘╠╣≡™╢⁹ ⌐

│ ─ ─ ⁸ ─ ╣─ ≢╙ ⌂ ≢№╡⁸╟╡ ↄ

∆╢√╘─ ⅜ ≢№╢⁹ ╩ ∆╢ │ ⌐╦√╢⅜⁸

╩☼כ♬─ ↑≡ ─ │ ⇔≡™╢( 3- 1)  1)⁹ ≢│

⇔≡╒╓ ─10 %─ ⅜ ↕╣≡™╢⁹  

 

3.2 ⌐ ↕╣╢  

⌐ ↕╣╢ │ ⌐ ∆ ⅜№╢⁹  

ה ⅜ ↕ↄ ≢№╢⁹ 

ה ⌐ ╣⁸♦◙▬fi─ ⅜ ⅝™⁹  

ה ┼─ ⅜ ≢№╢⁹  

ה ⌐ ╣╢ №╡ ⁹ 

ה →◖☻♩⅜ ≢№╢⁹  

NVHה ⌐ ╣╢⁹ 

ה ⌐ ╣╢⁹ 

ה ה ⅜ ≢№╢⁹ ⌐ⱨ▫ꜝכ≤─ ∑╛ ─ ≤─▪꜡▬

3- ה 1 ⌐⅔↑╢ %  
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⌐╟╡ ─ ⅜ ≢⅝╢⁹  

≢ ─╟℮⌂ ╙№╢⁹  

ה ≤ ═ ⅜ ™⁹ 

ה ⅜ ™⁹ 

ה ⅜ ™⁹ 

ה ⅜ ⌂╙─⅜№╢⁹ ⌐ ⁸ ⅜ ™╙─⅜№╢⁹  

ה ≢№╢⁹ 

↓╣╠─ ⁸ ╩ ⇔√℮ⅎ≢ ╩ ™⁸ ⌐ ∫√

ה ⅜ ↕╣≡™╢⁹ ⌂ ─ ≤⇔≡│ ⱪꜝ☻♅♇

◒⁸◄fi☺♬▪ꜞfi◓ⱪꜝ☻♅♇◒ ◄fiⱪꜝ fiⱪꜝ⁸◄כⱤכ☻⁸

⅜№╢⁹ 

ⱪꜝ☻♅♇◒⌐│ⱳꜞⱪ꜡Ⱨ꜠fi PP ⁸ⱳꜞ◄♅꜠fi PE ⁸ⱳꜞ ⱦ

♬ꜟ PVC⁸▪◒ꜞ꜡♬♩ꜞꜟ-Ⱪ♃☺◄fi-☻♅꜠fi3 Ⱪ꜡♇◒ ABS⁸

ⱳꜞⱷ♅ꜟⱷ♃◒ꜞ꜠כ♩ PMMA⌂≥⅜№╢⁹◄fiⱪꜝ≤⇔≡│♫▬꜡fi6 PA6⁸

♫▬꜡fi66 PA66 ⁸ⱳꜞⱩ♅꜠fi♥꜠ⱨ♃꜠כ♩ PBT ⁸ⱳꜞ▪☿♃כꜟ POM⁸

ⱳꜞ○◐◦ⱷ♅꜠fi ⁸ⱳꜞ◌כⱲⱠכ♩ PC ⁸ⱳꜞⱨ▼♬꜠fi◄כ♥ꜟ PPE

♪▫fiⱪꜝ≤⇔≡│ⱳꜞⱨ▼♬꜠fi☻ꜟⱨ◄כⱤכ☻⁹╢№⅜≤⌂ PPS ⌂≥⅜

╠╣≡™╢⁹ ≤⇔≡│ⱳꜞ►꜠♃fi PUR ⁸ ⱳꜞ◄☻♥

ꜟ UP ⁸◄ⱳ◐◦ EP ⌂≥⅜№╢⁹∕╣╠─ ⌐⅔↑╢ ╩

3- 2⌐ ∆2)⁹PP⅜ ╙ ↄ ↕╣≡™╢⁹  

PP│ⱣfiⱤ⁸כⱣ♇◒♪▪⁸ⱨ▼fi♄⁸כ♫▬ꜝכ▬fi☻♩ꜟⱷfi♩ⱤⱠꜟ

ⱷכ♃כⱤⱠꜟ⁸ⱷכ♃כⱢ►☺fi◓⌂≥ ꜟכꜙ☺⸗▪♪⁸ ♪▪♩ꜞⱶ

⌂≥ ⁸Ⱨꜝ⁸כⱢfi♪ꜟ◌Ᵽכ꜡◓⁸כⱩⱲ♇◒☻⁸☻Ⱨכ◌כⱲ♇◒☻⁸ꜝ☺

◒▪◄⁸☻כ◔כꜞ♥♇⁸Ᵽ☻כ◔fiⱪⱢ►☺fi◓⁸◄▪◖fiꜝ⁸ꜟꜞ◓כ♃כ◄

⁸☻כ◔כ♫כꜞ ♄◒♩⌂≥⌐ ↕╣√ ⅜№╢⁹ ╕≢─

╩ 3- 3⌐ ⇔√3)⁹ 

PE─ ⌂ │ ♃fi◒≢№╢⁹ ≢─ ⌐ ╣√HDPE ⱳꜞ

◄♅꜠fi ⅜ ↕╣≡™╢⅜⁸ │EVOH◄♅꜠fiהⱦ♬ꜟ▪ꜟ◖כꜟ

≤─ ⅜ ↕╣≡™╢⁹∕─ Ɑ♇♩⁸ⱨ꜡▪ⱴ♇♩⁸כ◌│ ⁸♪

▪◒♇◦ꜛfi⁸ ♄◒♩⌂≥≢№╢⁹  

PVC─ │▬fiⱤⱠ ⁸♪▪♩ꜞⱶ ⁸Ⱨꜝכ◙▼►⁸ꜙ◦♇♬כ●כ☻

♩ꜞ♇ⱪ⁸꞉▬ꜘכⱢכⱠ☻⌂≥≢№╢⁹  

ABS─ │ⱨ꜡fi♩◓ꜞꜟ⁸ꜝ☺◄⁸ꜟꜞ◓כ♃כⱧꜝ⁸ꜙ◦♇♬כ●כ◄fi

Ⱪ꜠ⱶ⁸☻ⱳ▬ꜝ⁸כ◖fi♁כꜟⱲ♇◒☻⌂≥≢№╢⁹  

PMMA─ │ⱷכ♃כ◌Ᵽ⁸כ☻♩♇ⱪꜝfiⱪ꜠fi☼⌂≥≢№╢⁹  

PA6⁸PA66│◄▪▬fi♥כ◒ⱴ♬ⱱ⁸♪ꜟכ◦ꜞfi♄כⱫ♇♪◌Ᵽ⁸כ◄fi☺fi

◌Ᵽ⁸כ♃▬Ⱶfi◓ⱬꜟ♩◌Ᵽכ⌂≥◄fi☺fiꜟכⱶ ⌐ ↄ ↕╣≡™

╢⁹ 

PBT─ │▬fi☻♩ꜟⱷfi♩ⱤⱠꜟ⁸◖Ⱡ◒♃⁸כ▬◓♬♇◦ꜛfi◖▬ꜟ⌂≥
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≢№╢⁹ 

POM│ⱨꜙכ◄ꜟ◐ꜗ♇ⱪ⁸ ⱣꜟⱩ⁸◦ⱨ♩꜠Ᵽכ⌂≥⌐ ↕╣≡™╢⁹ 

PC─ │◘fiꜟכⱨ⁸Ɽⱡꜝⱴꜟכⱨ⁸Ⱬ♇♪ꜝfiⱪ꜠fi☼⁸ ⱤⱠꜟ⌂≥

⅜№╢⁹ 

PPE│ ↄ│PS≤─▪꜡▬≤⇔≡ ↕╣╢⁹ⱨ꜡fi♩ⱨ▼fi♄כ◄☺ꜝ⁸כ

⌐≤⌂ꜟfi☻♩ꜟⱷfi♩ⱤⱠ▬⁸ꜟꜞ◓כ♃ ↕╣≡™╢⁹  

PPS│Ɽ꞉כꜙ☺⸗כꜟꜚ♬♇♩┼─ ⅜ ™⁹ECU ◄fi☺fiה◖fi♩꜡כ

♩♇♬ꜚהꜟ ⅜◓Ɫ►☺fi─כ◘fi☿⁸☻כ◔ ≢№╢⁹  

PUR│◦כ♩─ ⁸▬fi☻♩ꜟⱷfi♩ⱤⱠꜟ ⌂≥⌐ ↕╣≡™╢⁹ 

UP│ ≤⇔≡●ꜝ☻ ≢ ↕╣√╙─≤⇔≡ꜞ▪☻ⱳ▬ꜝ⁸כ◄fi☺fi

ⱨכ♪⌐ ↕╣≡™╢⁹ 

EP│ ╛ⱪꜞfi♩ ≤⇔≡ ↕╣≡™╢⁹  

 

 

 

3- 2 ⱪꜝ☻♅♇◒─ 2016 ─ ( t) 2)  

 

 

 

PP, 740,000

PE, 35,000

PVC, 23,000

ABS, 92,000

PMMA , 10,000

PA, 106,000

PBT PET, 

81,000

POM, 46,000

PC, 43,000
m΅PPE, 

14,000

fi◄כⱤכ☻

ⱪꜝ, 19,700

PUR, 90,000

∕─

, 21,000
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3- 3 PP 3  

 

 PP≢─ ≤⇔≡│ⱣfiⱤכ⅜ →╠╣╢⁹♩ꜜ♃ ≢│1991 ⌐

√⌐ ⇔√TSOP ⁸כⱨ▫fiⱳꜞⱴ꜠○כⱤכ☻♃ꜜ♩ │TSOP1≢

│TSOP6╩ ╘≡ ⇔⁸ ≢│ ≤⇔≡∆═≡─ ⌐ ↕╣≡™

╢⁹∕─ ╩ ─TPO ⱳꜞ○꜠ⱨ▫fi ≤ ⇔≡ 3- 4⌐ ∆⁹

≤ → ⅜ ⌐ ⇔√ ≢№╢↓≤⅜╦⅛╢⁹  

 

 
3- 4 TSOP≤ ─TPO≤─  
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3.3  ≤⇔≡─Ᵽ▬○ ─  

╕√ ≢ ≤ ⌐Ᵽ▬○ ─ ─ ╙ ↄ ↕╣≡™╢⁹

╘≡Ᵽ▬○ ─ ⅜ ⌐ ↕╣√─│2003 ⁸♩ꜜ♃ ─ꜝ►ⱶ

≢№╢⁹ⱳꜞ ⌐◔♫ⱨ ╩ ╖ ╦∑≡ⱪ꜠☻ ∆╢↓≤⌐╟╡☻Ɑ▪

♃▬ꜘ◌Ᵽכ≤⇔≡ ↕╣√ 3- 5 ⌂ꜟꜝ♩כꜙ♬Ⱳfiכ◌│╣↓⁹ ≢

№╢≤™℮ ≢LCA─ ⅛╠ ⌐ ≢⅝╢╙─≢№╢⁹∕─ ╙Ᵽ

▬○ ╩ ∆╢ ⅝⅜№╡⁸2009 ⌐ ↕╣√Ɫ▬Ⱪꜞ♇♪ SAI≢│

─ ─60%⌐ ↕╣√⁹ 

♫▬꜡fi ≢│ⱨꜝfi☻─▪ꜟ◔ⱴ ─♫▬꜡fi11 PA11 │⁸└╕⇔ ⅛╠

⇔√11-▪Ⱶⱡ►fi♦◌fi ⸗ⱡⱴכ⅛╠ ╠╣⁸Ᵽ▬○ ─♫▬꜡fi≢№╢⁹

╕√♦ꜙⱳfi ─♫▬꜡fi610│Ⱬ◐◘ⱷ♅꜠fi☺▪Ⱶfi ≤☿Ᵽ◦fi

└╕⇔ ⅛╠ ↕╣╢ 60%─Ᵽ▬○ ♫▬꜡fi≢№╢⁹2009

⌐│♦fi♁כ♃כ◄☺ꜝ⅜כ♃fi◒╩PA610 ≢ ⇔√ 3- 6 ⁹2018

⌐│♩ꜜ♃ ≤ ⅜PA11≤PP─▪꜡▬ ⌐╟╡ ⌂◘ꜝⱵ

╩ ∆╢ ╩ ⇔⁸◒ꜝ►fi─♪▪♩ꜞⱶ≤⇔≡ ⇔√

3- 7 ⁹ 

╩Ᵽ▬○ ≢ ∆╢ ╙ ↄ ╦╣≡⅔╡⁸Ⱪꜝ☺ꜟ≢│↕

≤℮⅝┘⅛╠ ↕╣√◄♃ⱡכꜟ╩ ⌐⇔≡ⱳꜞ◄♅꜠fi⅜ ↕╣≡™╢⁹

≢│⁸↓─Ᵽ▬○ ⱳꜞ◄♅꜠fi╩ ™╢⁹∕─ ⌐≈™≡│ ≢

═√⁹ 

 

 

 

3- 5 ⱳꜞ ≤◔♫ⱨ⅛╠ ↕╣√☻Ɑ▪♃▬ꜘ◌Ᵽכ 2003  
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3- 6 PA610≢ fi◒(2009♃כ♃כ◄☺ꜝ√╣↕ )  

 

 

 

3- 7 ♫▬꜡fi11/PP▪꜡▬≢ ↕╣√♪▪♩ꜞⱶ 2018  

 

3.4 CNF  

כⱡⱨ□▬Ᵽ♫☻כ꜡ꜟ☿⁸  CNF ⅜Ᵽ▬○ ─ⱨ▫ꜝכ≤⇔≡ ↕

╣≡™╢⁹CNF╩ ⇔ ⌐◖fiⱤ►fi♪∆╢↓≤≢ ↕⁸ ⁸ ⁸

⌂≥⅜ ⌐ ∆╢↓≤⅜ ↕╣⁸ ┼─ ה ≤⇔≡

─ ⅜ ╪≢™╢⁹ 

 2016 10 ⅛╠ ╘╠╣≡™╢NCV Nano Cellulose Vehicle ⱪ꜡☺▼◒♩≢

│PP- CNF⁸PA6- CNF⁸PC- CNF⁸EP- CNF⁸CNF100% ╩ ⇔⁸ ⁸ⱪ꜠☻ ⁸

Ⱪ꜡כ ⁸RTM(Resin Transfer Molding) ⌐╟╡ ה ╩ ⇔√⁹

ⅎ┌⁸PA6- CNF ╩ ∆╢↓≤⌐╟╡⁸ ⌂▬fi♥כ◒ⱴ♬ⱱכꜟ

♃fi◒ A610  
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♪╩ ⇔√ 3- 8 ⁹ │●ꜝ☻ ╩30% ⇔≡™╢⅜⁸CNF╩15%

⇔√ ≢ ╩ ™⁸10% ─ ─ ╩ ⇔√⁹PP- CNF

╩ ∆╢↓≤⌐╟╡⁸◄▪◖fi◔כ☻╛♪▪♩ꜞⱶ 3- 9 ╩

⇔√⁹PC- CNF ╩ ⱪ꜠☻ ∆╢↓≤⌐╟╡⁸ ⌂ ●ꜝ☻

─ ╩ ∫√⁹ ●ꜝ☻⌐ ═50% ─ ⅜ ≥ꜟⱨⱤⱠכꜟ⁸⅝≢

Ᵽ♇◒►▫fi♪► 3- 10 ╩ ⇔√⁹CNF╩≢⅝╢∞↑ ⇔⅛≈ ⌂

╩ ╡ 3- 11 ⁸ ─ כꜛ◦כ♃כ⸗ 10 23 -

11 4 ≢ ⌐ ⇔√⁹ ╩ 3- 12⌐ ⇔√⁹♪▪⁸ ●

ꜝ☻⁸◄fi☺fiⱨ⁸♪כꜞ▪☻ⱳ▬ꜝ⁸כⱤ◔♩꜠ⱨ꜡fi♩◌Ᵽ⁸כⱱ▬כꜟⱨ▫

fi⁸ꜟכⱨ◘▬♪꜠⁸ꜟכⱨ꜡▪ ⌂≥13 ⌐ ⇔√⁹ 

─╟℮⌐ ≤⇔≡PP⅜ ≤╙ ⌂ ≤⇔≡ ↕╣

≡™ↄ↓≤⁸CNF⌐╟╡ ↕╣√ ⅜ ≤⇔≡ ⌐ ↑√

⅜ ╘╠╣≡™╢↓≤⁸↕╠⌐ ─ ⅜Ᵽ▬○ ─ ⌐

⌂↓≤╩ ⇔√⁹ 

 

 

 

 

 

3- 8 ◄▪▬fi♥כ◒ⱴ♬ⱱכꜟ♪ PA6- CNF15%  
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3- 9 ♪▪♩ꜞⱶ PP- CNF10%  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

3- ꜟⱨⱤⱠכꜟ 10 ≤Ᵽ♇◒►▫fi♪►  
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3- 11  

 

 

3- 12  

ₒ ₓ 

1) ⱪꜝ☻♅♇◒☻ 55(6)⁸114 (2004)  

כ◦ⱶ◄כ◦פֿ (2   ♅כ◘ꜞ

₈ ⱪꜝ☻♅♇◒ ─ ה ─  2018₉ 

3)   ₈ ₉p.9 2005 10  
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4  CNF Ᵽ▬○ⱳꜞ◄♅꜠fi PE ─  

4.1  ─  

≢│◄▪◖fi◔כ☻ ⌐ ↑√ꜝⱲ☻◔כꜟ≢─ CNF Ᵽ▬○

ⱳꜞ◄♅꜠fi PE ⌐≈™≡ ═╢⁹ │⁸Ᵽ▬○ PE⌐ ∆

╢ CNF─▪☿♅ꜟ DS ⁸CNF─ ⁸⅔╟┘ CNF≤♃ꜟ◒─ ⅜

PE─ ⅔╟┘ ⌐⅔╟╓∆ ╩ ⱪ♇▪ꜟכ◔☻⁸⇔ ─√

╘─ ╩♃כ♦ ⇔√⁹ 

 

4. 2 Ᵽ▬○ PE─  

4. 2.1 ⅔╟┘  

▪☿♅ꜟ Ɽꜟⱪ─ ⌐│ ╩ ™√⁹  

Ɽꜟⱪה ⱠⱣכ♪ꜝ▬ ◒ꜝⱨ♩Ɽꜟⱪ  

ה ⁸  

nה ⱷ♅ꜟⱧ꜡ꜞ♪fi ⁸  

ה ♫♩ꜞ►ⱶ ⁸  

ה ⁸33wt%⁸  

 

CNF Ᵽ▬○ PE─ ⌐│ ╩ ™√⁹ 

○▬Ᵽה PE SHA7260⁸Ⱪꜝ☻◔ⱶ  

ⱴ꜠▬fiה ⱳꜞⱪ꜡Ⱨ꜠fi PMA- H1000P⁸  

◒ꜟ♃ה ♃ꜟ◒  

 

4. 2.2 ▪☿♅ꜟ Ɽꜟⱪ─  

CNF Ᵽ▬○ PE─ ≤ ∆╢ CNF─ DS─ ─ ╩ ≤⇔⁸CNF

─ ≤⌂╢▪☿♅ꜟ Ɽꜟⱪ╩ ─ ≢ ⇔√⁹╕∏

⌐Ɽꜟⱪ≤ n ⱷ♅ꜟⱧ꜡ꜞ♪fi╩ ⇔⁸ ⁸90ǾC≢

⇔Ɽꜟⱪ ─ ╩ ⇔√⁹≈™≢⁸ ─ ⅔╟┘ ◌ꜞ►ⱶ╩

⌐ ⇔ 70ǾC≢ ⇔√⁹∕─ ⁸ ╩▬○fi

⌐ ⇔ ≢ ⇔⁸▬○fi ⅔╟┘▪☿♩fi≢╤ ╩ ™⁸

▪☿♅ꜟ Ɽꜟⱪ╩ √⁹ ⇔√▪☿♅ꜟ Ɽꜟⱪ│ ⌐Ᵽ▬○ PE≤

─ ⌐ ™√⁹ 

⇔√ Ɽꜟⱪ─ │ ╟╡ ⇔√⁹ ≢ ╠╣√☻

Ɑ◒♩ꜟ─ 1316 cm- 1╩Ⱨכ◒♩♇ⱪ≤∆╢ ─ ╩ ⇔⁸ ─

Ɽꜟⱪ╩ ™≡ ⇔√ ╩ ⇔ ⇔√⁹  

⌐ ≠⅝⁸DS─ ⌂╢ 3 ─ Ɽꜟⱪ DS=0.51⁸0.77⁸1.21 ╩ ⇔

√⁹ 
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4. 2.3 CNF Ᵽ▬○ PE─  

CNF Ᵽ▬○ PE│⁸1.ⱴ꜠▬fi ⱳꜞⱪ꜡Ⱨ꜠fi MAPP⁸CNF⅔╟┘ 

Ɽꜟⱪ─ ≢ ↕╣╢ⱴ☻♃כⱣ♇♅ MB ─ ⁸2. CNF⅜ ─ ≤

⌂╢╟℮⌐Ᵽ▬○ PE ┼ MB─ ⁸─ ≢ ↕╣╢⁹MB│⁸ ⌐

≤ ╩Ⱬfi◦▼ꜟⱵ◐◘כ(FM10C/1⁸ ☻◒כ◖ )╩ ™≡

2000 rpm⁸2 min ⇔√ ⁸2 4- 1 ⁸♥◒ⱡⱬꜟ ≢

2 ⁸ ⇔ ⇔√⁹↓─ MB╩Ᵽ▬○ PEⱭ꜠♇♩≤ ⇔⁸ ≢

∆╢↓≤≢⁸Ɽꜟⱪ ╩ ⅝⌂⅜╠ CNF Ᵽ▬○ PE╩ ⇔√⁹⌂⅔⁸

Ᵽ▬○ PE≤ ∆╢▪☿♅ꜟ Ɽꜟⱪ⌐│⁸ ≢ ⇔√Ɽꜟⱪ⅔╟┘⁸

DS=0.9 ╩ ⌐ ∂≡ ⇔√⁹ 

 

4.2.4 CNF Ᵽ▬○ PE─  

⇔√ CNF Ᵽ▬○ PE│ ⅔╟┘ ─ ─√╘⌐⁸

4- 1 ⌐╟╡⁸80 mm×10 mm×4 mm─ ⌐ ⇔√⁹ 

 

 

 

4.3 CNF Ᵽ▬○ PE─ ⅔╟┘  

⇔√ CNF Ᵽ▬○ PE─ │ ─ ╡ ∫√⁹ 

 

4.3.1 ─  

⌐⅔↑╢ ≢─Ɽꜟⱪ─ │⁸ DFC450C⁸

LEICA ╩ ™√ ⅔╟┘ ≢ ⇔√⁹ │ ≢─

╩●ꜝ☻ ⌐ ╖ 210ǾC≢ 30 ╒≥ⱪ꜠☻ ⁸ ◄♃ⱡכꜟ≢ ⇔ ⇔

√⁹╕√⁸ ─Ɽꜟⱪ─ │⁸ ─☻ꜝ▬☻ ⅛╠ ◐◦

꜠fi╩ ™≡ ╩ ⇔⁸ ╩ JEM-

2100F⁸ ≢ ⇔ ⇔√⁹  

 

4.3.2   

 CNF Ᵽ▬○ PE─ → ⅔╟┘ │ JIS K7171⌐ ≠⅝⁸

4- 1  
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AG- X plus⁸ ╩ ™≡⁸ 10 mm/min⁸  5 mm⁸

2 mm⁸ 64 mm ≤⇔≡ ⇔√⁹╕√⁸ │ JIS K 

7110⅔╟┘ JIS K 7111 - 1⌐ ≠⅝⁸▪▬♂♇♩ ⅔

╟┘◦ꜗꜟⱧכ ╩ ™≡ ⌂∫√⁹ ≢│

⌐ ↕ 2 mm─ⱡ♇♅╩ ⇔≡ ⌐ ™√⁹╕√⁸▪▬♂♇♩

≢│ 2.75 J⁸◦ꜗꜟⱧכ ≢│ 2.0  J─ ─Ɫfiⱴכ╩ ™√⁹ 

 

4.3.3   

(CTE)⅔╟┘ √╦╖ (HDT)╩ ⇔√⁹™∏╣─ ╙

⁸70ǾC≢ 48 √⇔◓fiꜞכ♬▪ ╩ ™√⁹CTE│

TMA- 60⁸ ╩ ™≡⁸1 cm ⌐ ╡ √⇔ꜟכ♬▪⇔

╩ ⁸  5ǾC/min⁸- 30ǾC⅛╠ 100ǾC╕≢─ ≢ ⇔

√⁹ ⁸HDT│ HDT HDT.TESTER 6M- 2⁸ ╩ ™≡⁸

120ǾC/h⁸0.45 MPa ⅔╟┘ 1.80 MPa─ ≢ ⇔√⁹ 

 

4.4 ▪☿♅ꜟ ─ ⌂╢ CNF⌐╟╡ ⇔√Ᵽ▬○ PE─  

Ᵽ▬○ PE─ ⌐ ™╢ CNF─▪☿♅ꜟ ≤ CNF Ᵽ▬○ PE─ ─

╩ ∆╢√╘⁸▪☿♅ꜟ ─ ⌂╢Ɽꜟⱪ╩ ™≡ ╩ ⇔

√⁹ │ Ɽꜟⱪ╩ ™≡ ⌂ CNF ⅜ 5wt%⁸10wt%≤⌂╢╟

℮⌐ ⇔√ 4- 1 ⁹ 

 

4-    

. 
No. 

Ɽꜟⱪ 
DS 

▪☿♅ꜟ Ɽꜟⱪ (a)  
MAPP (b)  Ᵽ▬○ PE 

CNF Ac Lig  

1 
0.51 

5 0.68 0.16 5 5ќ0 89.16 

2 10 1.36 0.31 10 10ќ0 78.33 

3 
0.82 

5 1.10 0.16 5 5ќ0 88.74 

4 10 2.19 0.31 10 10ќ0 77.50 

5 
1.21 

5 1.62 0.16 5 5ќ0 88.22 

6 10 3.24 0.31 10 10ќ0 76.45 

(a) ▪☿♅ꜟ Ɽꜟⱪ│ (CNF)+▪☿♅ꜟ  (Ac) ꜞ◓♬fi(Lig) ≢ ↕╣╢≤⇔≡  

(b) │ ⌐ ⁸ⱴ☻♃כⱣ♇♅ ⌐⅔↑╢ ќ ≤⇔≡   
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4. 4.1 ─  

4- 2⌐ CNF Ᵽ▬○ PE ─ ⌐⅔↑╢ ╩╕≤╘

√⁹ ─ ⌐ ™⁸Ɽꜟⱪ─ ⅜ ╗ ⅜ ≢⅝╢⅜⁸ ⌐

⅔™≡╙ ≢ ⌂ ↕─ ⅜ ⌂ ⅜

⇔≡™╢⁹╕√Ɽꜟⱪ─ ≤ ─ ⌐ ⌂ │ ≢⅝⌂™⁹  

 

 

4- 2 ▪☿♅ꜟ ─ ⌂╢ CNF≢ ⇔√ ─  

│כⱣꜟכ◔☻ ─╖ 50ɡm⁸ │ 200ɡm 
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4. 4.2 ─  

4- 3 ⌐ ─ → ≢ ╠╣√ └∏╖ ╩⁸ 4- 2 ⌐│ ╠╣√

╩∕╣∙╣ ∆⁹ No.6 (DS=1.21⁸CNF  10wt%)⌐⅔™≡♬כ

♩ ≤ ⇔ → ≢ 2.5 ─ ⅜ ↕╣╢⌂≥⁸CNF─ ⌐ ℮

─ ⅜ ↕╣√⁹╕√⁸▪☿♅ꜟ ⅜ ↄ⁸⅛≈ CNF ⅜

™╒≥ → ⅔╟┘ → ⅜ ⇔⁸ ⌐ ℮ ─ ╙

↕╣╢↓≤⅜ ↕╣√⁹⇔⅛⇔⌂⅜╠⁸PP-♃ꜟ◒ ─

⌐│ ╢⁹ 

 

 
 

4- 2 ▪☿♅ꜟ ─ ⌂╢ CNF≢ ⇔√Ᵽ▬○ PE─  

 
No. 

Ɽꜟⱪ 
 

(DS) 

CNF 
 

(wt %)  

→ 
 

MPa  

→ 
 

MPa  

 (kJ/m2)  

Izod  ◦ꜗꜟⱧכ 

- ♩כ♬  0 1110 22.5 3.61 3.34 

1 0.5  5 1760 34.3 1.75 2.13 

2 0.5  10 2410 46.9 1.66 1.76 

3 0.8  5 1610 31.2 2.90 2.83 

4 0.8  10 2400 46.1 2.92 2.71 

5 1.2  10 2650 49.5 2.83 2.49 

6 1.2  5 1810 36.5 1.66 1.97 

( a)  -  0 3450 56.2 3.52 4.48 

 ( a)  PP-♃ꜟ◒  

4- 3 ▪☿♅ꜟ ─ ⌂╢ CNF≢ ⇔√Ᵽ▬○ PE─ -└∏╖  
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4.4.3 CNF ─  

4- 3 ⌐ ─ ⅔╟┘ √╦╖ ╩╕≤╘√⁹ ≤

⌐⁸ ⅔╟┘ √╦╖ ⌐≈™≡╙ CNF─▪☿♅ꜟ ⅜

ↄ⌂╢╒≥ ─ ⅜ ↕╣√⁹ 10- 30ǾC ♩כ♬│≡™≈⌐

≢ 132 ppm/K≢№╢─⌐ ⇔⁸ ╙▪☿♅ꜟ ⅜ ↕ↄ CNF 5wt% 

─ (No.1)≢№∫≡╙ 57 ppm/K╕≢ ⇔⁸▪☿♅ꜟ 1.2⁸CNF 10wt%

─ No.6 ≢│ 42 ppm/K╕≢ ↕╣⁸PP-♃ꜟ◒ ≤

47 ppm/K ─ ╩ ⇔√⁹CNF ⌐╟╢ ∆═⅝ │ √╦╖

─ ≢№╢⁹1.80 MPa─ ─ ♩כ♬≡™⅔⌐ ≢│ 47ǾC≢№╢─⌐

⇔⁸No.6≢ 102ǾC╕≢ ∆╢⌂≥ ─ ⅜│∫⅝╡≤ ↕╣√⁹

↓╣│ PP ╩╙ ╢⁹↓╣╠─ │⁸ ≤─ ≢ ↕╣√ CNF

⌐╟╢Ⱡ♇♩꞉כ◒⅜Ᵽ▬○ PE ≢⇔∫⅛╡≤ ↕╣≡™╢↓≤╩ ⇔≡

™╢⁹╕√⁸▪☿♅ꜟ ⅜ ™╒≥ PE≤─ ⅜ ∆╢√╘⌐⁸CNF─

▪☿♅ꜟ ⅜ ™╒≥⁸Ɽꜟⱪ─ ╛Ⱡ♇♩꞉כ◒─ ⅜ ╟ↄ ╦

╣╢√╘⁸ ╛ ─ ⌐ ⇔√≤ ⅎ╠╣╢⁹  

 

 

 

 

 

 

 

4- 3 ▪☿♅ꜟ ─ ⌂╢ CNF≢ ⇔√Ᵽ▬○ PE─  

No. 
Ɽꜟⱪ 

 
(DS) 

CNF 
 

(wt %)  

 
MD ppm/ K  

√╦╖ 
 (ǾC)  

0- 100ǾC 10- 30ǾC 30- 50ǾC 
0.45 
MPa 

1.80 
MPa 

- ♩כ♬  0 176.8 131.8 174.6 84.3 47.1 

1 0.5  5 86.9 86.3 102 114 73.5 

2 0.5  10 33.8 56.9 52.5 127.3 94.2 

3 0.8  5 79.3 87.2 93.6 116.1 69.2 

4 0.8  10 45.6 58.0 55.2 127.1 99.4 

5 1.2  5 58.4 74.3 69.6 118.5 83.6 

6 1.2  10 15.4 42.2 28.3 127.4 102.4 

(a)  -  -  71.4 47.2 73.3 133.5 92.6 

(a) PP-♃ꜟ◒  
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4- 4 ▪☿♅ꜟ ─ ⌂╢ CNF╩ ⇔√ ─ TMA  

4- 5 ▪☿♅ꜟ ─ ⌂╢ CNF╩ ⇔√ ─ -  
(a)  0. 45 MPa⁸(b)  1. 80 MPa 
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4.5 CNF≤♃ꜟ◒─ ⌐╟╡ ⇔√Ᵽ▬○ PE─  

CNF Ᵽ▬○ PE─ → ╩ ≤⇔⁸♃ꜟ◒╩ ⇔√ CNF Ᵽ

▬○ PE╩ ⇔√⁹♃ꜟ◒─ ╩ ∆╢√╘⁸ 4- 4⌐ ⇔√ ╡ 0- 15 

wt%─♃ꜟ◒╩ ⇔√ CNF 10wt% ╩ ⇔ ╩ ⇔√⁹ ⌐

│ DS=0.9─Ɽꜟⱪ╩ ⇔√⁹╕√⁸CNF╩ ⇔⌂™♃ꜟ◒ Ᵽ▬○ PE╙

≤⇔≡ ⇔√⁹ 

 

 

4.5.1 ─  

4- 6│ No.7- No.11─ ⌐⅔↑╢ ─

≢№╢⁹╕√⁸ 4- 7│ ∂ ≤ ≢ ╩

⇔√ ╩ ═≡ ⇔√⁹ ≢ ∆╢↓≤≢⁸ ≢│ ⅜ ⇔

™ ™ ⅜◖fi♩ꜝ☻♩╟ↄ ↕╣√⁹™∏╣─ ⌐≈™≡╙ ─

™ ™ ⅜ ⇔≡⅔╡⁸╕√⁸♃ꜟ◒─ ≤ ⌐│ ⌂ │

≢⅝⌂⅛∫√⁹ 4- 8│ No.7≤ No.10 ∕╣∙╣♃ꜟ◒  0 wt%⁸

15 wt%) ⅛╠◐◦꜠fi╩ ™≡ ⇔√ ─ SEM ≢№╢⁹™∏╣╙Ɽꜟ

ⱪ⅛╠ ↕╣√ 10- 500nm ─ ⅜ ↕╣√⁹ ≢⁸♃ꜟ◒ ─

⌐╟╢ ─ │ ≢─ ≤ ⌐ ≢⅝⌂™⁹  

 

 

4- 4 ─    

 
No. 

Ɽꜟⱪ 
 

(DS) 

▪☿♅ꜟ Ɽꜟⱪ (a)  
MAPP (b)  ♃ꜟ◒ 

Ᵽ▬○
PE CNF Ac Lig  

7 

0.9  10 2.41 0.31 10 10ќ0 

0 77.28 

8 5 72.28 

9 10 67.28 

10 15 62.28 

11 20 57.28 

12 

-  0 10 0 

0 90 

13 5 85 

14 10 80 

15 15 75 

16 20 70 

(a) ▪☿♅ꜟ Ɽꜟⱪ│ (CNF)+▪☿♅ꜟ (Ac) ꜞ◓♬fi(Lig) ≢ ↕╣╢≤⇔≡  

(b) │ ⌐ ⁸MB ⌐⅔↑╢ ќ ≤⇔≡   
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4- 6 ⌐⅔↑╢ ─ ─  
│כⱣꜟכ◔☻ 500ɡm 
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4- 7 ♃ꜟ◒ ─ ⌂╢ CNF Ᵽ▬○ PE─  
│כⱣꜟכ◔☻ 50ɡm ⁸  

4- 8 No.7, No10⅛╠ ⇔√ ─  
│כⱣꜟכ◔☻ 20ɡm⁸ 1ɡm 
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4.5.2 ─  

4- 5 ⌐│ ─ → ≢ ╠╣√ ⁸ 4- 9 ⌐ ─ →

≢ ╠╣√ └∏╖ ╩∕╣∙╣ ∆⁹╕√⁸ 4- 10│♃ꜟ◒─ ⌐

⇔≡ ╩ⱪ꜡♇♩⇔≡™╢⁹ 4- 10⅛╠╙ ╠⅛⌂╟℮⌐ →

│♃ꜟ◒─ ≤≤╙⌐ ⌐ ⇔⁸♃ꜟ◒╩ 10 wt% ⇔√ CNF

Ᵽ▬○ PE (No.9)⌐⅔™≡ PP-♃ꜟ◒ ≤ ─ 3156 MPa⁸↕╠

⌐ 20 wt% ≢│ 4000 MPa ™ ⅜ ↕╣√ ♩כ♬ ─╒╓ 4 ⁹

╕√⁸CNF─ ≢ → ╩ ∆╢≤⁸ ∂♃ꜟ◒ ─ ≢│ CNF

╩ ╗↓≤≢ → ⅜ 1500 MPa ⇔≡™╢⁹ ⌐ ⇔≡│™∏

╣─ ♩כ♬╙≡™⅔⌐ ⌐ ╢⅜⁸CNF╩ ╕⌂™ ≢│♃ꜟ◒─

⌐ ™ ╛⅛⌐ ∆╢─⌐ ⇔⁸CNF╩ ╗ ≢│ 15 wt % ─♃ꜟ

◒ ╕≢│ ₁⌐ ⌐№╢⁹CNF≤♃ꜟ◒⅜ ∆╢↓≤≢ ╩

↕∑╢ ╠⅛─ ⅜ ∂≡™╢≤ ⅎ╠╣⁸ ⌐╟╢ ⌂╢

⅜ ↕╣╢⁹ 

 

4- 5 ♃ꜟ◒ ─ ⌂╢ ─  

 

No. 

CNF 

 

(wt %)  

♃ꜟ◒ 

 

(wt %)  

→ 

 

(MPa) 

→  

(MPa)  

Izod  

 

(kJ/m 2)  

◦ꜗꜟⱧכ  

 

(kJ/m 2)  

♩כ♬  0 0 1110 22.5 3.61 3.34 

7 

10 

0 2716 48.5 2.54 2.28 

8 5 2888 50.4 3.02 2.41 

9 10 3156 52.5 3.07 2.73 

10 15 3554 54.5 3.03 3.35 

11 20 3836 55.7 1.75 1.77 

12 

0 

0 1142 24.6 3.08 3.25 

13 5 1376 27.2 2.87 2.30 

14 10 1554 29.0 2.79 2.33 

15 15 1777 29.0 2.69 2.28 

16 20 2060 32.4 2.58 2.31 

( a)  0 15 3450 56.2 3.52 4.48 

(a) PP-♃ꜟ◒  
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4- 9 ♃ꜟ◒ ─ ⌂╢ ─ -└∏╖  

4- 10 ♃ꜟ◒ ⌐ ∆╢ ─ⱪ꜡♇♩  
♃ꜟ◒ a → ⁸(b) → ⁸(c) Izod ⁸ 
(d) ◦ꜗꜟⱧכ  
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4.5.3 CNF ─  

4- 6 ⌐ No.7- No.16 ─ ⅔╟┘ √╦╖ ╩╕≤╘√⁹

♩כ♬ ─ ≤ ∆╢≤ ─ ⅔╟┘ √╦╖ ─™

∏╣╙ ⅝⌂ ⅜ ↕╣√⁹ ⅎ┌ 10- 30ǾC─ ⌐⅔↑╢ ╩

♩כ♬⁸≥╢∆ ≢│ 132 ppm/K≢№╢─⌐ ⇔⁸♃ꜟ◒─╖ 15wt% ⇔

√ No.15 ≢│ 97 ppm/K⁸CNF 10wt%⅛≈♃ꜟ◒ 15wt%╩ ⇔√

No.10 ≢│ 54 ppm/K≤⌂∫√⁹⌂⅔⁸CNF Ᵽ▬○ PE⌐≈™≡│⁸♃ꜟ◒─

15wt%─ ≢ ╙ ™ ⅜ ↕╣≡™╢╙──⁸ ⌂ ≤

⇔≡│♃ꜟ◒─ ⅜ ⌂™╒≥⁸ │ ↕™ ⅜№╢⁹ √╦

╖ ⌐ ⇔≡╙⁸♃ꜟ◒─╖─ ⌐ ═╢≤⁸CNF≤♃ꜟ◒╩ ⇔√

─ ⅜ ╣√ ╩ ♩כ♬⁹√⇔ ≤ ∆╢≤♃ꜟ◒─╖ ⇔√

─ │ ─ ⅝↕⌐⅛⅛╦╠∏ 10ǾC ─ ≢№∫√⅜⁸CNF≤

♃ꜟ◒╩ ⇔√ ─ ≢│⁸40- 50ǾC╙√╦╖ ⅜ ⇔√⁹⌂⅔⁸♃

ꜟ◒─╖ ⇔√ ≢│⁸♃ꜟ◒─ ─ ⌐⇔√⅜∫≡⁸√╦╖ ⅜

∆╢ ⅜№╢⅜⁸CNF╩ ╗ ─ ≢│∕─╟℮⌂ │⌂ↄ╒╓

≢№╢⁹⇔√⅜∫≡⁸CNF╩ ╗ ⌐⅔↑╢ √╦╖ ⅔╟┘

─ │⁸ ⇔√♃ꜟ◒≢│⌂ↄ CNF⌐╟╢ ⅜ ⅝™≤ ⅎ╠╣

╢⁹ 

 

 

4- 11 ♃ꜟ◒ ─ ⌂╢ ─ TMA  
(a)CNF╩ ╗ ⁸ (b)CNF╩ ╕⌂™  

4- 12 ♃ꜟ◒ ─ ⌂╢ ─ HDT  
(a) 0.45MPa⁸ (b) 1.80MPa 
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4- 6 ♃ꜟ◒ ─ ⌂╢ ─  

 

No. 

CNF 

 

(wt %)  

♃ꜟ◒  

 

(wt %)  

MD ppm/K  √╦╖  (ǾC)  

0- 100ǾC 10- 30ǾC 30- 50ǾC 0.45 MPa 1.80 MPa 

 47.1 84.3 174.6 131.8 176.8 0 0 ♩כ♬

7 10 0 34.4 55.9 50.1 127.8 101 

8 10 5 51.5 66.5 63.9 128.9 101.8 

9 10 10 48.5 65.0 58.2 126.3 101.1 

10 10 15 38.4 54.0 51.6 128.9 102.8 

11 10 20 57.6 66.2 66.6 127.5 100 

12 0 0 111.0 110.5 136.0 80.2 58.5 

13 0 5 101.0 99.6 115.0 87.0 57.6 

14 0 10 80.4 94.4 107.8 90.0 62.3 

15 0 15 100.1 97.4 111.4 92.1 64.8 

16 0 20 87.5 97.7 101.2 95.5 68.2 

( a)  0 15 71.4 47.2 73.3 133.5 92.6 

(a) PP -♃ꜟ◒  

 

4-13 ♃ꜟ◒ ⌐ ∆╢ ─ⱪ꜡♇♩  

♃ꜟ◒    

♃ꜟ◒   √╦╖  
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4.6 ─╕≤╘ 

 ≢│⁸CNF Ᵽ▬○ PE ─√╘─ ♃כ♦ ╩ ≤⇔≡⁸Ᵽ▬

○ PE⌐ ∆╢ CNF─▪☿♅ꜟ ─ ╛⁸ ∆╢ CNF─ ⁸

≤⇔≡─♃ꜟ◒─ ╩ ⇔√⁹ ⇔√ ─ │⁸

╛ ╩ ™√ ─ ─ ╛ ─ ⁸

→ ⅔╟┘ ⌐╟╢ ─ ⁸ ⌐╟╢ ⅔╟

┘ √╦╖ ─ ╩ ⇔≡ ∫√⁹ ─ ╟╡⁸ ∆╢ CNF─▪☿

♅ꜟ │ 1 ⁸ │ 10wt%⁸CNF≤ ⌐♃ꜟ◒╩ 15- 20wt% ∆╢↓

≤≢⁸PP-♃ꜟ◒ ≤ ─ → 3800 MPa

╛⁸ ╣√ HDT 100ǾC@1.80 MPa⁸ 50ppm/K ╩╙∫√

Ᵽ▬○ PE╩ ≢⅝╢↓≤⅜ ≢⅝√⁹ ⅛╠⁸CNF Ᵽ▬○ PE⅜

─ ≤⇔≡ ≢№╢↓≤⅜ ≢⅝╢⁹  

 ↓─╟℮⌐ CNF Ᵽ▬○ PE⅜ ╖─ → ╛⁸ ⌐ ╣√

╩ ⇔√ │ ⱪ꜡☿☻⌐⅔™≡ ⇔√ CNF⅜Ᵽ▬○ PE ⌐⇔∫⅛╡≤

⇔⁸Ⱡ♇♩꞉כ◒╩ ⇔≡™╢√╘≢№╢≤ ⅎ╠╣╢⅜⁸∕─ ≢⁸

⇔√ ⌐ Ɽꜟⱪ─ ⅜ ⇔≡™⌂™ Ⱶ◒꜡fi─ ™

⅜ ⇔≡™╢↓≤╙⁸ ⅔╟┘ ╩ ™√

╟╡ ╠⅛⌐⌂∫≡™╢⁹ │⁸╟╡Ɽꜟⱪ ─ ╛ CNF─

─ ╩ ∆╢↓≤≢ ⌂╢ ╩ ∆⁹  
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5  CNF Ᵽ▬○ PE─☻◔כꜟ▪♇ⱪ  

5.1 ─  

─≢ꜟכ◔☻ CNF Ᵽ▬○ PE─ ⌐ ≠⅝⁸◄▪◖fi◔כ☻

⌐ ↑√ CNF Ᵽ▬○ PE─☻◔כꜟ▪♇ⱪ ╩ ™⁸ ≢ꜟכ◔☻

⇔√ ⇔ⱪ♇▪ꜟכ◔☻≥ ⇔√ ─ ╩ ⇔√⁹CNF Ᵽ

▬○ PE │ⱪ♇▪ꜟכ◔☻─ ⌐╟╡ ∫√⁹ 

 

5.2 CNF Ᵽ▬○ PE─☻◔כꜟ▪♇ⱪ  

ⱪ♇▪ꜟכ◔☻⌐ ≢ ⇔√ 2 ─☻Ɑ♇◒≤⁸ כ◔☻

ꜟ ≢ ⇔√ 2 ─☻Ɑ♇◒╩ ⇔√⁹  

 

2 ꜟכ◔☻   

כꜙꜞ◒☻ 15 mm 

 0.3 kg/h  

 

2 ⱪ♇▪ꜟכ◔☻  

כꜙꜞ◒☻ 42 mm 

 20 kg/h  

 

 
 

 

 

≡⇔ⱪ♇▪ꜟכ◔☻  ╩ ℮ ─ │⁸ ─≢ꜟכ◔☻ ⌐⅔

™≡ PP-♃ꜟ◒  ( ) ⌐ ™ ⅜ ↕╣≡™╢ 4 ⌐ ─

No.10⌐ ∂⁸60 kg ⇔√ No.17 ⁹╕√⁸ ⇔√ │

4 ≤ ─ ≢ ⇔⁸ ╩ ∫√⁹ 

 

 

5- 1  
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5.3 ⱪ♇▪ꜟכ◔☻ ─  

5.3.1 Ᵽ▬○ PE ─ ─  

 5- 2│⁸ ╩ ™√ ─ ⅔╟┘ כ◔☻⁹╢№≢

ꜟ▪♇ⱪ⇔≡ ⇔√ No.17 ≤ ≢ꜟכ◔☻ ⇔√ ╩ ∆

╢≤⁸ ─ ╛ ⌐ ™│ ╠╣∏⁸ ꜠ⱬꜟ≢─

⌂ⱪ⌐╟╢Ⱡ●♥▫Ⱪ♇▪ꜟכ◔☻│≢ │⌂™≤ ⅎ╠╣╢⁹ 

 
 

 

 

5-     

 
No. 

Ɽꜟⱪ 
DS 

▪☿♅ꜟ Ɽꜟⱪ (a)  
MAPP (b)  ♃ꜟ◒ 

Ᵽ▬○
PE CNF Ac Lig  

10 0.90 10 2.41 0.31 10 10ќ0 15 62.28 

17 0.79 10 2.05 0.31 10 10ќ0 15 62.64 

(a) ▪☿♅ꜟ Ɽꜟⱪ│ (CNF)+▪☿♅ꜟ  (Ac) ꜞ◓♬fi(Lig) ≢ ↕╣╢≤⇔≡  

(b) │ ⌐ ⁸ⱴ☻♃כⱣ♇♅ ⌐⅔↑╢ ќ ≤⇔≡   

5- 2 ─ ─  

( a)⁸(b) 200ɡm⁸ כⱣꜟכ◔☻│ │ 50ɡm⁸(a) - (d) │ ⁸( e)⁸(f)

│ ⁸( c)≤(e) ⁸(d) ≤( f )│◘fiⱪꜟ─  
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5.3.2 ─  

⇔ⱪ♇▪ꜟכ◔☻  ⇔√ ⁸ ≢ꜟכ◔☻ ⇔√ ⁸ Ᵽ▬

○ PE ♩כ♬ ⁸PP-♃ꜟ◒ ─ ─ ╩ 5- 2⌐╕

≤╘√⁹╕√ 5- 3 ⌐│ → ≢ ╠╣√ └∏╖ ╩ ⇔√⁹ כ◔☻

ꜟ≢ ⇔√ No.10 ( CNF╩ 10wt%⁸ ♃ꜟ◒╩ 15wt% ⇔√ Ᵽ▬○

PE)│ PP-♃ꜟ◒ ≤╒╓ ─ ≢№╢ → 3554 MPa⁸ 

→ 54.5 MPa ╩ ⇔≡™╢⁹↓╣⌐ ⇔≡⁸ No.10≤ ─ ≢☻

⇔ⱪ♇▪ꜟכ◔ ⇔√ No.17 ≢│ → 3411 MPa⁸ → 53.7 MPa≤⁸

⌐ꜟכ◔☻ ╦╠∏╒╓ ⇔™ ⅜ ↕╣≡™╢⁹ ∫≡ │

─√╘─ ⌐╙ ≢№╢↓≤⅜ ↕╣√⁹  

 

5- 2 ─  

 

No. 

Ɽꜟⱪ 

DS 

CNF 

 

(wt%) 

♃ꜟ◒ 

 

(wt%) 

→ 

 

(MPa) 

→ 

 

(MPa) 

Izod  

 

(kJ/m 2)  

◦ꜗꜟⱧכ  

 

(kJ/m 2)  

- ♩כ♬  0 0 1108 22.5 3.61 3.34 

10 0.90 10 15 3554 54.5 3.03 3.35 

17 0.79 10 15 3411 53.7 2.77 2.50 

(a) -  0 15 3450 56.2 3.52 4.48 

( a) PP-♃ꜟ◒  

 

 

 

5- 3 -  
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5.3.3 ─  

⇔ⱪ♇▪ꜟכ◔☻  ⇔√ ⁸ ≢ꜟכ◔☻ ⇔√ ⁸ Ᵽ▬

○ PE ♩כ♬ ⁸PP-♃ꜟ◒ ─ MD ─ ⁸

√╦╖ ─ ╩ 5- 3 ⌐╕≤╘√⁹╕√ 5- 4 │ ─ TMA ⁸

5- 5│ HDT ≢ ╠╣√ √╦╖ ≢№╢⁹ 4 ≢╙ ═√ ╡⁸

≢ꜟכ◔☻ ⇔√ CNF Ᵽ▬○ PE│♬כ♩ ≤ ⇔ ⌂ ⅜

↕╣≡™╢⁹ ⌐ 1.80MPa ≢─ √╦╖ ♩כ♬│≢ ≤

⇔ 50ǾC ⇔≡™╢⁹╕√⁸PP-♃ꜟ◒ ≤ ∆╢≤

─ ╩ ≡⇔ⱪ♇▪ꜟכ◔☻⁹√⇔ ⇔√ No.17≢│⁸ ⅜ כ◔☻

ꜟ≢ ⇔√ No.10≤ ═⁸╛╛ ⅝ↄ⌂∫√⅜ ⅎ┌ 10- 30ǾC─ ⌐⅔™

≡ No.10≢│ 54 ppm/K⌐ ⇔⁸No.17≢│ 64ppm/K ⁸ √╦╖ │╒╓

⇔™ ⅎ┌ 0.45 MPa⌐⅔™≡ No.10≢│ 128.9ǾC⌐ ⇔⁸No.17≢│ 127.2

ǾC ⁹ ─ │⁸ ─ ≤ ⌐⁸ ⌐╟∫≡ CNF Ᵽ

▬○ PE─☻◔כꜟ▪♇ⱪ ⅜ ≢№╢↓≤╩ ⇔≡™╢⁹  

5- 3 ─  

 

No. 

Ɽꜟⱪ 

DS 

CNF 

 

(wt%)  

♃ꜟ◒ 

 

wt%  

MD  

ppm/ K  

√╦╖  

ǾC  

0- 100 

ǾC 

10- 30 

ǾC 

30- 50 

ǾC 

0.45 

MPa 

1.80 

MPa 

- ♩כ♬  0 0 176.8 131.8 174.6 84.3 47.1 

10 0.90 10 15 38.4 54.0 51.6 128.9 102.8 

17 0.79 10 15 53.7 63.9 68.0 127.2 97.6 

( a)  -  0 15 71.4 47.2 73.3 133.5 92.6 

( a)  PP-♃ꜟ◒  

 

 

 

 

 

 

 

 

 

 

 

 

 5- 4 ─ TMA  
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5.3.6 ⱴ♥ꜞ▪ꜟꜞ◘▬◒ꜟ  

ⱴ♥ꜞ▪ꜟꜞ◘▬◒ꜟ⁸◔Ⱶ◌ꜟꜞ◘▬◒ꜟ⅔╟┘◘כⱴꜟꜞ◘▬◒ꜟ⌐╟╢

ⱪꜝ☻♅♇◒☻─ │ ⇔™ ◦☻♥ⱶ≤⇔≡ ꜙ◐כ◘╢™≡╣↕

╢↑⅔⌐כⱡⱵ◖◄כꜝ ⁸│כⱡⱨ□▬Ᵽ♫☻כ꜡ꜟ☿⁹╢№≢

⅜♫ⱡ꜠ⱬꜟ─√╘⁸▪☻Ɑ◒♩ ╩ ⅎ╢≤⁸ Ⱶ◒꜡fi─ ↕⅜№╣┌

≤⇔≡│ ≢№╢≤ ⅎ╠╣╢⁹↓─↓≤⅛╠⁸ ╩ Ⱶꜞ─

◘▬☼╕≢ ─כⱡⱨ□▬Ᵽ♫☻כ꜡ꜟ☿╙≡⇔ ↕ ┼─ │╒≤╪≥

ↄ⁸ⱴ♥ꜞ▪ꜟꜞ◘▬◒ꜟ ⌂ ≢№╢≤ ⅎ╠╣╢⁹ ⌐⁸PP╛ HDPE≤

™∫√○꜠ⱨ▫fi │ ─☻כ꜡ꜟ☿⅜ ╟╡ ⌐ ↄ⁸

─ ⅜ ⌂™≤ ⅎ╠╣╢⁹☿ꜟ꜡כ☻♫ⱡⱨ□▬Ᵽכ│ ╙

5- 5 ─ -√╦╖  

(a) 0.45 MPa⁸(b) 1.80 MPa 
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≢ ╙ ⌂ↄ⁸ ⱴꜟꜞ◘▬◒ꜟ≢⅝╢↓≤⅛╠⁸כ◘│⌐

─ ⌂™ ≤™ⅎ╢⁹ ⁸ ⅜⁸CO2 ─ ⌂™⁸ ⌐

≠ↄ ⌐ ⇔≡╕∆╕∆ ™≡™ↄ ↄ↓≤╩ ⅎ╢≤⁸ⱴ♥ꜞ▪ꜟꜞ◘▬◒

ꜟ⅜ ─כⱡⱨ□▬Ᵽ♫☻כ꜡ꜟ☿│≥↓╢№≢ ⌂ ≤™ⅎ╢⁹↓─↓

≤⅛╠⁸ ⱪ꜡☿☻≢ ⌐ ⇔√ CNF Ᵽ▬○ PE⌐≈™≡ⱴ♥ꜞ▪ꜟꜞ

◘▬◒ꜟ ╩ ⇔√⁹ ╩ 5- 6⌐ ∆⁹ 

R ─ ╩ ⇔ R1 ⁸ R2 ⌐⁸ ⁸ ( R3)

⇔⁸ ╩ ∫√⁹↓─ ↔≤⌐⁸ ≢⁸ ⁸◘fiⱪꜟ╩ ⇔ →

⁸ → ⁸ ╩ ⇔√⁹ ≤⇔≡●ꜝ☻ PP(GP20/PP)⁸

▪☿♅ꜟ CNF PP(AcCNF10/PP)─ ╙ ⇔≡™╢⁹⌂⅔⁸AcCNF10│ 10wt%

─▪☿♅ꜟ CNF╩ ⇔√↓≤╩⁸GP20│ 20wt%─●ꜝ☻ ╩ ⇔√↓≤

╩ ⇔≡™╢⁹╕√⁸BioPE+PA│ⱴ☻♃כⱣ♇♅ ⌐ ≤⇔≡ PA6╩

™≡™╢↓≤╩ ⇔≡™╢⁹ 

●ꜝ☻ │⁸ꜞ◘▬◒ꜟ╩ ╡ ∆≤ ⁸ ⌐ ∆╢↓

≤⅜╦⅛╢⁹ ⌐⁸ ⅜ ≢№╢⁹ ─ │ ≢╙ ╠╣╢⁹

↓╣⌐ ⇔≡⁸CNF PP≢│⁸ꜞ ◘▬◒ꜟ⌐╟╢ ⁸ │ ╘╠╣⌂™⁹

⁸ ≢ ⇔√ CNF Ᵽ▬○ PE│ → ≢ 20% ⁸

→ ≢ 10% ⇔√⁹PA6╩ⱴ☻♃כⱣ♇♅⌐ ⇔√ ≢│ 200ǾC

╩ ⅎ╢ ≢ ╩⇔≡™╢⅜⁸Ᵽ▬○ PE≤▪☿♅ꜟ CNF≢ ⇔≡™╢

│ 200ǾC╩ ⅎ≡⅔╠∏⁸ ─ ─ │ ⅎ⌐ↄ™⁹ ≤⇔≡

⇔√ CNF PP │ ─ ╙ ™⁸ ≢ ⇔≡™╢↓≤╩ ⅎ╢

≡⇔╩ⱪ♇▪ꜟכ◔☻⁸≥ ╩ ∫√ ─ ≢ ⅜ ⇔≡™╢

⅜№╢⁹ │⁸ ⌐ ⌐ ╩ ∆╢ ⁸ ≢─

⅜ ≤™ⅎ╢⁹ 

 

 

 

 

5- 6 ⱴ♥ꜞ▪ꜟꜞ◘▬◒ꜟ⌐⅔↑╢  

 

R1: ќR2: ќR3 ќR4:  
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5.4  ─╕≤╘ 

 ≢│⁸CNF Ᵽ▬○ PE─ ╩ ⅎ√☻◔כꜟ▪♇ⱪ ─

⌐≈™≡ ⇔√⁹ ─≢ꜟכ◔☻ ⌐ ≠⅝ ⇔√Ᵽ▬○ PE─

CNF─▪☿♅ꜟ 1.0 ⁸CFN10%⁸ ♃ꜟ◒ 15wt% ╩╙≤⌐⁸

20 kg/h ≢ 60 kg ╩ ⇔√ │ ≢ꜟכ◔☻ ⇔√ ≤ ─

⅔╟┘ ╩ ⇔⁸CNF Ᵽ▬○ PE─ ⌐ ↑√

⅜ ≢№╢↓≤⅜ ≢⅝√⁹╕√⁸CNF Ᵽ▬○ PE│⁸ⱴ♥ꜞ▪ꜟꜞ◘▬

◒ꜟ ⌂ ≢№╢↓≤╩ ∆↓≤⅜≢⅝√⁹ 
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6  ╩ ™√◄▪◖fi◔כ☻ ≤  

6.1 ─  

 ⅛╠⌂╢Ᵽ▬○ⱳꜞ◄♅꜠fi PE כⱡⱨ□▬Ᵽ♫☻כ꜡ꜟ☿≥ CNF

○▬Ᵽꜟכ○╢⌂╠⅛ ╩ ↄ ╩ ™√ ─ ⅔╟┘◄

▪◖fi◔כ☻─ ╩ ™⁸◄▪◖fi◔כ☻⌐ ↕╣╢ ⁸ ⁸

VOC ─ ╩ ⇔√⁹  

 

6.2  ⅔╟┘  

 6- 1 ⌐ ⅔╟┘ ╩ ∆⁹◄▪◖fi◔כ☻⌐⅔↑╢

⌂ │ ה ה ╩ ≢⅝╢ ⅔╟┘ ⌐ ∆

╢ → ≢№╢⁹╕√ ─ CNF ─ ⅛╠⁸ ה

(VOC)─ ╛ ─ ⅛╠─ │ ─ ⅝↕⅛╠ ≢

∆═⅝ ≢№╢⁹ │ ─℮∟ ⁸ →

⅔╟┘ VOC⌐≈™≡ ╩ ∫√⁹ ⌐≈™≡│ 3 ≈─ ╩

⇔√ ⌐ ∆╢↓≤≤⇔√⁹  

 
 

 ╕√ ⌐│ ╩ ™√Ᵽ▬○ PE⌐ 10wt%─ CNF╩ ⇔√Ᵽ▬○

PE- CNF 10% HS1911- 11 ⁸PE- CNF10≤ ∆╢ ⁸Ᵽ▬○ PE⌐ 10wt%─ CNF

≤ 20wt%─ PA6╩ ⇔√Ᵽ▬○ PE+PA6- CNF 10% HS1911- 12 ⁸PE

PA6- CNF10≤ ∆╢ ─ 2 ╩ ™√ 6- 2 ⁹ 

 

 

 

 

 

 

6- 1 ⅔╟┘  

6- 2  
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6.3  ─  

6.3.1   

 ⅜ ─ ⌐ ⅎ╢ ╩ ╠⅛⌐∆╢√╘⁸ ─

╩ ⇔√⁹ ⌐│◐ꜗⱧꜝꜞכ꜠○ⱷכ♃כ  

◐ꜗⱧ꜡◓ꜝⱨ- 1D ╩ ™⁸ 6- 3─ ≢ ⇔√⁹ 

 

 

 Ᵽ▬○ PE- CNF10⅔╟┘Ᵽ▬○ PE PA6- CNF10│ ≢№╢ PP-♃ꜟ◒╟╡

╙ ™ ∑╪ 1200sec- 1 ╩ ⇔√⁹╕√ ⌐≡◄▪◖fi◔כ☻≢

─ ─№╢ PP- CNF10╟╡╙ ™ ╩ ⇔√⁹ ≢⁸ ╩ 10ǾC

ↄ⇔√ 200ǾC≤∆╢≤ PE- CNF10 ─ │ PP- CNF10≤ ꜠ⱬꜟ╕≢ ≢

⅝╢↓≤⅜ ⅛∫√ 6- 1 ⁹10ǾC ╩ →╢↓≤≢ PE- CNF10│ PP- CNF10

⌐ ™ ⌐≢⅝╢↓≤⅛╠⁸◄▪◖fi◔כ☻⅜ ≢⅝╢ │ ⌐

№╢≤ ⅎ╠╣╢⁹∕↓≢◄▪◖fi◔כ☻ ♩ꜝ▬⌐│ ╩ ™╢↓≤≤

⇔√⁹⇔⅛⇔⌂⅜╠ ∆╢ VOC ─ ⅛╠│ ─ ⅜ ╘╠

╣╢↓≤⅛╠⁸ ─ ⅜ ≤ ⅎ╢⁹ ─ ⌐│ PE─

⌂≥⅜ →╠╣╢⁹ ≢ PE+PA6- CNF10 │ PP- CNF10─ 2 ↄ─

╩ ⇔≡⅔╡⁸↓─╕╕≢│ ≢⅝╢ │ ™≤ ⅎ╠╣╢⁹ ≤⇔

≡ PP╟╡╙ ─ ™ PA6─ ⅜ →╠╣╢⁹ 6- 2⌐│ DSC ⌐╟╢ ─

╩ ∆⅜⁸PA6─ Ⱨכ◒⅜ 220ǾC ⌐ ≢⅝╢↓≤⅛╠⁸

≢│ PA6│ ─ ≢№╡⁸∕─√╘ ⅜ ↄ⌂∫≡™╢≤ ⅎ╠╣╢  

│ PE- CNF ⌐ ╩ ╡ ╩ ∫√⁹  

 

 

 

 

 

 

 

 

6- 3  
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6- 1  

6- 2 PE- CNF10⅔╟┘ PE+PA6- CNF10─ DSC♅ꜗכ♩ 


















































