
 

 



 
 

 
 

 

 

 
 
 
 
 
 
 
 
 
 
 
 
 

 
 

 
 

 
 

 



 

 


1   ..................................................................................................................................3 

1-1  .........................................................................................................................3 

1-2  .........................................................................................................................6 

1-3  ...........................................................................................................................24 

2   ............................................25 

2-1  ...................................................................................................................................25 

2-2  ...............................................................................................26 

2-2-1  ...................................................................................................................26 

2-2-2   ......................................................28 

2-2-3   ..........................................................................................31 

2-3  ...........................................................................................................32 

2-3-1  .......................................................................................................32 

2-3-2  ...........................................................................................35 

2-4  .......................................................................................................................38 

 2-4-1   ..............................................................................................38 

 2-4-2   ..................................................................................43 

    2-4-3  ...............................................................................................47 

    2-4-4  GC-MS  .................................................................................52 

2-5  ...................................................................................................................................54 
 

3 

........................................................................................................56 

3-1   ..................................................................................................................................56 

3-2   ..............................................................................................57 

3-2-1  ...................................................................................................................57 

3-2-2  (TG)  .........................................................................59 

3-2-3  .......................................................61 

3-2-4 GC-MS  ..........................................63 

3-2-5 SEM-EDS  .................................64 



 

 

3-3   ......................................................................................................................65 

3-3-1  ...........................................................................................65 

3-3-2  ...............................................................71 

3-3-3  ...............................................................................78 

3-3-4  ...........................................................82 

3-3-5  ...............................................................................85 

3-4  ..................................................................................................................................90 
 

4   ................................................................................................................................92 

 

............................................................................................................................................95 

........................................................................................................................................96 

................................................................................................................................................99 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

 

  

 

 

 

 

 



 

 

 



 

 

 

 
 

 

 



 

 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

  

 

 

 

 
 

 



 

 

 

 

 

 

 

 

 

 

 

 
  



 

 

 
(a)   

 

 
(b)  

 

 
 

 
 
 
 

  



 

 

 

 
 

 

 

 

 
 

 
 



 

 

 
 

 
 
 

 

 
 
  



 

 

  

 
 

 

 
 

  



 

 

 

 
 

 

 
 
 

 

 
 
 



 

 

 
 

 
 

 

 

 

 

 

 
 



 

 

 

 
 

 

 
 

 
 

 



 

 

 
 

 

 

  



 

 

 

 
 

 

  
  



 

 

 
                  

  
 



 
  

  
  

  
  

  
  

  
 

 

 

 

 

 

 

 



 

 

 



 
       

       
       

 
 

 

 


 



 

 

 

 

  

 
 
  



 

 

 

 
 

 

 

 



 

 

 
  

 
  

 
  

        

  
 
 

 
   

 
 
 

 
 

 
 

  
 
 

 
 

 
 

 
 

 
 

 
 

 
 

  
 
 

 
 

 
 

 
 

 
 

 
 

 
 

  
 
 

 
 

 
 

 
 

 
 

 
 

 
 

  
 
 

 
 

 
 

 
 

 
 

 
 

 
 

  
 
 

 
 

 
 

 
 

 
 

 
  

 
 

 
 



 

 

 

 
 

 

 

 



 

 

 


 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 



 

 

  







 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 

 



 
  



 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 



 

 

 

  



 

 
 
 

 
 

 
 

 
 

 
 

 
 

 
 

 

 
 

 
 

 
 

 
 

 

 
 
 
 
 

 
 



 

 

 
 

 
 

 
 

 
 
 

 

 

 

 

 

 

 

 

 

 

 

 

 



1)

2)

3)

4)

5)

6)

7)





 

 

 
 

  



 

 

  



 

 

 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 

 

   

2-3-1  



Encinar 37)

Yao 38)  Nisar 39) 

R2

 

 2-3-1-1 A B

K1  

 

 (2-3-1-1) 

 

 WA t

A 2-3-1-2

 

 

 
(2-3-1-2) 

 

2-3-1-3 WA0  A

WA/WA0 WA0 WA  

 

 (2-3-1-3) 

 

 2-3-1-3

1  

 



(2-3-1-4)

4

Fig. 2-3-1

log (WA/WAO) 

(t , log (WA/WAO))= 0,1

1

K1

K1

  

Fig. 2-3-1 A graph of ln [WA/WAO] against time (Polyethylene)
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Fig. 2-4-1 Yield curve of plastic sample under an isothermal degradation



2-3

2 K1

K1 Fig. 2-4-2

R2 K1 Table 2-4-1 Fig. 2-4-2 TS

Table 2-4-1 R2

Fig. 2-4-2(a) TS = 593 K

TS = 643 K R2 5% PE

TS TS = 693 K 

R2 PE PS

R2 PP TS = 653 K R2

R2 0.98

(a) PS



(b) PE

(c) PP

Fig. 2-4-2 First-order reaction model



 

 

Table 2-4-1 Correlation coefficient of first-order reaction model 

(a)  

TS [K] K1 R2 

593 3.24E-05 0.9997 

603 4.45E-05 1.0000 

613 1.46E-04 0.9985 

623 2.11E-04 0.9403 

633 4.74E-04 0.9462 

643 9.70E-04 0.9500 

653 1.82E-03 0.9802 

663 3.64E-03 0.9844 

 

(b)  

TS [K] K1 R2 

643 5.32E-05 1.0000 

653 7.37E-05 1.0000 

663 1.19E-04 1.0000 

673 2.01E-04 0.9995 

683 3.06E-04 0.9982 

693 6.32E-04 0.9593 

703 1.52E-03 0.9977 

713 2.18E-03 0.9933 

 

(c)  

TS [K] K1 R2 

623 8.26E-05 0.9915 

633 1.14E-04 0.9873 

643 1.57E-04 0.9921 

653 2.26E-04 0.9762 

673 3.49E-04 0.9787 

683 7.39E-04 0.9962 

693 1.28E-03 0.9938 

703 1.90E-03 0.9984 

713 3.69E-03 0.9976 
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TG Table 3-2-2-1 Fig. 3-2-2-2

 

1) TG  (I) He MS-IF controller

He 0.2 SLM  

2) 150 ml TG

 

3) 5 mm, 8 mm

 

4) PVC  

5) PVC  (IV)

 

6) 

2  

7) 

 

8) 250 

ml  

9)  





                                      (3-2-3-1)

Fig. 3-2-3-1 Principle of the total organic carbon analyser40).



 

 

 

  [%] 

3-2-3-1 . 

 

                                                   (3-2-3-1) 

 

[mol], [mol] PVC  

[mg]  (= 62.5 g/mol)  [mol] 

[mol]  [mol]

PVC  [mol]  1 mol 1 mol

PVC  [mol] 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



TG Table 3-2-4-1 Fig. 3-2-4-1

1) GC-MS He MS-IF controller (( )

) He 0.2 SLM
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3)
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