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A P P E N D IC E S
A p p e n d ix  A  C a lc u la t io n s

A .l  P o ly m e r  c ry s ta llin ity

T h e  h ea t o f  fu s io n  (AHf) can  b e  co n v e rted  to  th e  p e rc e n ta g e  o f  c ry s ta llin ity  
by  u s in g  th e  fo llo w in g  eq u a tio n ;

X %  =  1 0 0 x ^ -  
AH °

w h ere  X  %  is th e  p e rcen tag e  o f  c ry s ta llin ity
A H f is th e  h ea t o f  fu sio n  fro m  D S C  th e rm o g ram  
A H °f is th e  h y p o th e tic a l h ea t o f  fu s io n  o f  a p e rfe c tly  c ry s ta llin e  m ate ria l 

=  2 90  J/g  (Im m erg u t, 1989)

A .2  W e ig h  av e rag e  o f  s tan d a rd  re fin e ry  gas

M W  =
£ c ,x  (พ ),

F ro m

T hus,

P V ,  =  ท , R T  and  ท, =  [ - -
( M W ) ,

P V ,  =  G ‘ R T  ' ( M W ) ,

G ,  =  V 1 ( M W ) ,  X

H ence , £ G , x ( M W ) , ^VXMW),
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A.3 Response factor (Schomberg, 1990)
Response factors for FID (Flame Ionization Detector) were calculated on the 

weight basis as shown in the following equation using methane as the standard 
component.

J Ï - s t d - xfs
J  S td

s t d

where fj
fstd

A i
Astd
G i
Gstd

is the response factor of the component 
is the response factor of the standard 
is the area of component 
is the area of the standard 
is the mass of the component
is the mass of the standard, which is methane in this case

From

So,

G, = V ,(M W ) 1 x ~ ~

G 1 V ,{ M W ) ,
G std =  V5,d {M W ) 5,d
The mass fraction (mj) of any component, m, can be calculated as the 

following equation

m, = พ ;

4 [%»#-»/,,A
Thus, m, = M S td

S 4 [t xê x/-J
Therefore,

m, =
T P .
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Volume fraction (V)
From V - and

U K

PV, = G ‘ R T  ' { M W )  1

V. =

Hence, V =

G. R T
{ M W )  1 ~p~

G, r
{ M W ) , p

Y R T

From m, =  

So,

v  { M W )  1

^  { M W ) ,



Appendix B Raw Data

B .l  M e c h a n ic a l an d  rh eo lo g ica l p ro p er tie s  o f  p p  film s  
T a b le  B1 Tensile strength of pp films.

N o.
T en sile  Strength (M Pa)

COPP C R 1PP C R 2PP C R 3PP C R 4PP
1 3 3 .7 6 31 .45 36.65 3 0 .5 9 3 2 .2 0
2 3 2 .4 6 30 .57 36 .15 3 1 .7 8 34 .45
3. 33 .54 32 .20 35.15 3 4 .0 6 3 4 .7 6
4 32 .04 30 .28 3 6 .1 4 3 3 .1 9 3 3 .3 0
5 3 2 .3 0 30.75 35 .95 3 2 .5 6 33.11
6 3 3 .2 9 32.51 3 5 .52 3 3 .9 0 3 4 .2 6
7 - 32 .92 3 6 .39 35 .13 32 .23
8 - 29 .45 3 3 .67 3 8 .3 2 32.91
9 - 30.43 34.53 3 4 .4 8 3 3 .7 0
10 - - 36.11 3 .2 9 3 2 .8 7
11 - - 3 2 .39 3 1 .6 9 33 .57

A v g 3 2 .9 0 31 .17 35.33 33 .55 3 3 .4 0
Std 0 .7 22 1.163 1.317 2 .0 7 4 0.851

F ig u re  B1 The plot of viscosity versus shear rates from 0.01 to 100 sec'1.
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T a b le  B 2 Low shear melt viscosity (ๆ) as a function of shear rate
C R 1PP V isco sity  (ๆ ) [Pa-s]
Rate [ร'1] 1 2 A verage
0 .1 00 0 2 7 3 3 .9 4 0 0 2 7 1 4 .0 3 0 0 2 7 2 3 .9 8 5 0
0 .1 33 4 2 7 2 3 .2 4 0 0 2 6 9 2 .0 7 0 0 2 7 0 7 .6 5 5 0
0 .1 77 8 2 7 1 2 .4 9 0 0 2 6 4 4 .1 4 0 0 2 6 7 8 .3 1 5 0
0.2371 2 6 6 5 .7 5 0 0 2 6 3 7 .5 3 0 0 2 6 5 1 .6 4 0 0
0 .3 16 2 2 6 4 2 .8 5 0 0 2 5 5 6 .8 2 0 0 2 5 9 9 .8 3 5 0
0 .4 21 7 2 5 8 6 .8 9 0 0 2 5 1 1 .2 0 0 0 2 5 4 9 .0 4 5 0
0 .5623 2 5 0 4 .3 8 0 0 2 4 3 1 .3 5 0 0 2 4 6 7 .8 6 5 0
0 .7 49 9 2 4 4 0 .2 6 0 0 2 3 6 4 .1 8 0 0 2 4 0 2 .2 2 0 0
1 .0000 2 3 4 3 .7 8 0 0 2 2 6 1 .1 3 0 0 2 3 0 2 .4 5 5 0
1.3335 2 2 4 6 .0 4 0 0 2 1 6 5 .3 4 0 0 2 2 0 5 .6 9 0 0
1.7783 2 1 3 6 .4 0 0 0 2 0 4 7 .3 5 0 0 2 0 9 1 .8 7 5 0
2 .3 71 4 2 0 1 3 .5 6 0 0 1925 .65 0 0 1969 .60 5 0
3.1623 1 8 7 9 .87 0 0 1779 .30 0 0 1829 .5850
4 .2 17 0 1729 .32 0 0 1615 .94 0 0 1672 .6300
5 .6234 1555 .85 0 0 1441 .0700 1498.4600
7 .4 99 0 1 3 6 3 .46 0 0 1270 .25 0 0 1316.8550
10.0000 1 1 5 9 .71 0 0 1043 .67 0 0 1101.6900
13.3352 9 2 3 .3 5 2 0 8 7 1 .9 1 4 0 8 9 7 .6 33 0
17.7828 7 1 1 .6 0 8 0 7 2 2 .5 0 6 0 7 1 7 .0 57 0
23 .71 38 5 4 3 .6 3 0 0 5 8 0 .0 1 7 0 561 .8 23 5
3 1 .62 28 4 1 8 .3 0 6 0 4 9 9 .4 7 2 0 4 5 8 .8 8 9 0
4 2 .16 97 3 4 1 .0 9 8 0 4 3 8 .2 3 4 0 3 8 9 .6 6 6 0
56 .23 42 2 5 4 .6 1 2 0 3 0 1 .7 8 1 0 278 .1 96 5
74 .9895 174 .1 86 0 2 0 0 .1 5 7 0 187 .1715
100.0000 1 68 .9200 1 20 .6310 144 .7755

C O PP V isco sity  (ๆ ) [Pa-s]
Rate [ร'1] 1 2 A verage
0 .1 0 0 0 2 5 7 6 .4 6 0 0 2 5 4 2 .8 4 0 0 2 5 5 9 .6 5 0 0
0 .1 3 3 4 2 5 5 5 .0 5 0 0 2 5 2 2 .7 7 0 0 2 5 3 8 .9 1 0 0
0 .1 7 7 8 2 5 6 6 .8 0 0 0 2 4 0 5 .6 1 0 0 2 4 8 6 .2 0 5 0
0.2371 2 5 3 8 .0 4 0 0 2 4 2 3 .8 2 0 0 2 4 8 0 .9 3 0 0
0 .3 1 6 2 2 4 7 5 .3 1 0 0 2 3 7 4 .7 8 0 0 2 4 2 5 .0 4 5 0
0 .4 2 1 7 2 4 4 4 .3 6 0 0 2 3 0 8 .9 1 0 0 2 37 6 .6 3 5 0
0 .5 62 3 2 3 2 4 .6 5 0 0 2 2 3 1 .7 6 0 0 2 27 8 .2 0 5 0
0 .7 4 9 9 2 2 7 0 .6 0 0 0 2 1 5 9 .8 7 0 0 2 2 1 5 .2 3 5 0
1 .0000 2 1 0 1 .3 8 0 0 2 0 4 5 .7 0 0 0 2 07 3 .5 4 0 0
1.3335 2 0 0 1 .0 5 0 0 1936 .94 0 0 1968.9950
1.7783 1 809 .7000 1786 .02 0 0 1797.8600
2 .3 71 4 1 634 .8100 1650 .14 0 0 1642.4750
3 .1 62 3 1 425 .9600 1355 .85 0 0 1390.9050
4 .2 1 7 0 126 6 .33 0 0 1225 .44 0 0 1245 .8850
5 .6 23 4 9 9 9 .4 6 5 0 103 7 .39 0 0 1018.4275
7 .4 99 0 8 2 3 .0 3 4 0 8 5 2 .1 2 2 0 8 3 7 .5 78 0
10 .00 00 6 0 8 .2 2 5 0 6 8 9 .0 0 2 0 648 .6 13 5
13 .3352 4 9 6 .3 4 1 0 5 5 1 .6 1 2 0 5 23 .9765
17 .7828 4 0 2 .3 8 8 0 4 4 7 .2 1 9 0 424 .8 03 5
2 3 .7 1 3 8 2 8 4 .7 3 5 0 3 3 7 .4 3 0 0 311 .0 82 5
3 1 .6 2 2 8 178 .3430 2 4 2 .7 0 5 0 2 1 0 .5 2 4 0
4 2 .1 6 9 7 5 1 .78 48 1 55 .3800 103.5824
5 6 .23 42 5 5 .39 77 1 37 .8560 9 6 .62 69
7 4 .98 95 6 0 .22 42 159 .5300 109.8771
1 00 .0000 6 6 .17 48 123 .4330 9 4 .80 39
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C R 2PP V isco sity  (ๆ ) [Pa-s]
Rate [ร'1] 1 2 A verage
0 .1 0 0 0 2 8 6 7 .6 7 0 0 2 7 0 8 .9 7 0 0 2 7 8 8 .3 2 0 0
0 .1 3 3 4 2 8 3 6 .8 5 0 0 2 6 6 3 .5 5 0 0 2 7 5 0 .2 0 0 0
0 .1 7 7 8 2 8 6 3 .0 0 0 0 2 6 7 2 .4 5 0 0 2 7 6 7 .7 2 5 0
0 .2371 2 7 6 0 .1 0 0 0 2 6 1 5 .1 6 0 0 2 68 7 .6 3 0 0
0 .3 1 6 2 2 7 2 5 .1 7 0 0 2 5 7 3 .5 0 0 0 2 64 9 .3 3 5 0
0 .4 2 1 7 2 6 5 9 .8 7 0 0 2 4 9 3 .5 1 0 0 2 57 6 .6 9 0 0
0 .5 62 3 2 5 8 9 .0 5 0 0 2 4 2 2 .0 2 0 0 2 50 5 .5 3 5 0
0 .7 4 9 9 2 4 8 0 .7 7 0 0 2 3 3 3 .1 6 0 0 2 4 0 6 .9 6 5 0
1 .0000 2 3 7 5 .9 1 0 0 2 2 2 4 .4 8 0 0 2 3 0 0 .1 9 5 0
1 .3335 2 2 4 8 .1 4 0 0 2 1 1 7 .7 5 0 0 2 18 2 .9 4 5 0
1.7783 2 1 2 2 .7 7 0 0 1981 .96 0 0 2 0 5 2 .3 6 5 0
2 .3 7 1 4 1961 .2600 1847 .38 0 0 1904.3200
3 .1623 1796 .4600 1 690 .3700 1743.4150
4 .2 1 7 0 1567 .0700 1510 .65 0 0 1 538 .8600
5 .6 23 4 1369 .0900 1318 .37 0 0 1 343 .7300
7 .4 99 0 1160 .9200 1098 .78 0 0 1 129 .8500
10 .0000 9 4 9 .1 6 7 0 8 9 0 .7 4 4 0 919 .9 55 5
13 .3352 7 5 7 .5 0 9 0 6 9 3 .1 5 8 0 7 25 .3335
17 .7828 5 0 2 .6 73 0 5 1 6 .4 7 9 0 5 0 9 .5 76 0
2 3 .7 1 3 8 3 1 3 .3 5 5 0 3 2 3 .9 3 5 0 3 1 8 .6 45 0
3 1 .6 2 2 8 1 61 .2280 151 .6930 156.4605
4 2 .1 6 9 7 87 .89 33 9 0 .4 1 8 9 89.1561
5 6 .2 3 4 2 8 2 .2 1 1 9 6 7 .88 63 75.0491
7 4 .98 95 7 8 .9 8 4 6 7 9 .98 66 79 .48 56
1 00 .0000 8 1 .59 07 8 8 .6 5 4 7 85 .12 27

C R 3PP V isco s ity  (ท ุ) [Pa-s]
Rate [ร'1] 1 2 A verage
0 .1 00 0 2 8 1 4 .9 9 0 0 2 7 7 0 .0 3 0 0 2 7 9 2 .5 1 0 0
0 .1 33 4 2 7 8 5 .1 4 0 0 2 7 0 9 .2 9 0 0 2 7 4 7 .2 1 5 0
0 .1 77 8 2 7 6 9 .4 6 0 0 2 7 1 5 .3 5 0 0 2 7 4 2 .4 0 5 0
0.2371 2 6 9 6 .7 9 0 0 2 6 5 3 .3 9 0 0 2 6 7 5 .0 9 0 0
0 .3 16 2 2 6 5 3 .9 2 0 0 2 6 0 4 .8 2 0 0 2 6 2 9 .3 7 0 0
0 .4 21 7 2 6 0 1 .2 5 0 0 2 5 5 5 .1 5 0 0 2 5 7 8 .2 0 0 0
0.5623 2 5 1 6 .7 4 0 0 2 4 6 2 .5 6 0 0 2 4 8 9 .6 5 0 0
0 .7 49 9 2 4 2 9 .8 2 0 0 2 3 7 4 .8 4 0 0 2 4 0 2 .3 3 0 0
1.0000 2 3 2 6 .2 7 0 0 2 2 7 7 .5 2 0 0 2 3 0 1 .8 9 5 0
1.3335 2 2 1 7 .8 8 0 0 2 1 5 8 .2 8 0 0 2 1 8 8 .0 8 0 0
1.7783 2 0 9 8 .2 5 0 0 2 0 3 9 .6 1 0 0 2 0 6 8 .9 3 0 0
2 .3 71 4 1966 .46 0 0 1891 .33 0 0 1928 .8950
3 .1623 1826 .37 0 0 1772 .30 0 0 1799 .3350
4 .2 17 0 1656 .5000 1595 .15 0 0 1625 .8250
5 .6234 1468 .86 0 0 1423 .7300 1446 .2950
7 .4 99 0 1247 .52 0 0 1227 .2800 1237 .4000
10.0000 1025 .07 0 0 1054 .54 0 0 1039 .8050
13.3352 8 8 4 .5 2 2 0 9 4 3 .9 7 9 0 9 1 4 .2 50 5
17.7828 7 9 0 .4 2 7 0 8 1 1 .9 7 9 0 8 0 1 .2 0 3 0
23 .71 38 6 9 0 .2 2 7 0 6 9 9 .9 6 4 0 6 9 5 .0 95 5
31 .62 28 5 9 1 .9 2 8 0 5 5 8 .1 4 7 0 575 .0 37 5
4 2 .16 97 4 7 8 .4 4 4 0 3 5 1 .9 2 0 0 4 1 5 .1 8 2 0
56 .23 42 2 2 1 .5 6 1 0 1 96 .1710 2 0 8 .8 6 6 0
74 .9895 101 .0910 1 01 .4450 101 .2680
100.0000 5 1 .36 52 4 6 .3 2 9 2 4 8 .8 4 7 2
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C R 4PP V isco sity  (ๆ ) [Pa-s]
Rate [ร'1] 1 2 A verage
0 .1 0 0 0 2 9 6 1 .6 5 0 0 2 8 3 0 .3 9 0 0 2 8 9 6 .0 2 0 0
0 .1 3 3 4 2 9 6 7 .1 9 0 0 2 7 9 4 .2 7 0 0 2 8 8 0 .7 3 0 0
0 .1 7 7 8 2 9 1 1 .2 4 0 0 2 7 9 0 .0 6 0 0 2 8 5 0 .6 5 0 0
0.2371 2 9 0 8 .0 5 0 0 2 7 1 8 .8 5 0 0 2 8 1 3 .4 5 0 0
0 .3 1 6 2 2 8 3 2 .1 6 0 0 2 6 5 8 .5 7 0 0 2 7 4 5 .3 6 5 0
0 .4 2 1 7 2 7 5 6 .8 6 0 0 2 6 0 7 .3 6 0 0 2 6 8 2 .1 1 0 0
0 .5 62 3 2 6 7 6 .4 3 0 0 2 5 2 8 .6 7 0 0 2 6 0 2 .5 5 0 0
0 .7 4 9 9 2 5 8 4 .1 0 0 0 2 4 3 2 .2 6 0 0 2 5 0 8 .1 8 0 0
1 .0000 2 4 6 5 .5 8 0 0 2 3 2 5 .7 3 0 0 2 3 9 5 .6 5 5 0
1.3335 2 3 4 0 .9 7 0 0 2 2 0 1 .4 3 0 0 2 2 7 1 .2 0 0 0
1 .7783 2 1 8 4 .8 6 0 0 2 0 7 5 .3 4 0 0 2 1 3 0 .1 0 0 0
2 .3 7 1 4 2 0 2 2 .1 9 0 0 1913 .49 0 0 1 967 .8400
3 .1 62 3 180 6 .89 0 0 1756 .42 0 0 1781.6550
4 .2 1 7 0 1552.8200 1461 .1400 1 506 .9800
5 .6 23 4 1 310 .4500 1262 .6600 1286.5550
7 .4 9 9 0 1 009 .2100 9 7 1 .1 0 4 0 9 9 0 .1 5 7 0
10 .0000 7 6 8 .8 0 2 0 7 4 1 .8 2 0 0 7 5 5 .3 1 1 0
13 .3352 5 6 4 .6 05 0 5 2 7 .3 9 5 0 5 4 6 .0 00 0
17 .7828 4 1 1 .8 6 3 0 3 4 7 .7 1 1 0 3 7 9 .7 87 0
2 3 .7 1 3 8 2 9 9 .6 5 0 0 187 .0430 243 .3 46 5
3 1 .6 2 2 8 8 7 .60 37 9 4 .6 4 3 0 9 1 .12 34
4 2 .1 6 9 7 9 7 .9 1 2 6 9 7 .9 1 3 8 9 7 .91 32
5 6 .2 3 4 2 102 .3340 8 6 .57 34 9 4 .45 37
7 4 .98 95 100 .4000 7 9 .0 5 1 0 89 .7255
1 00 .0000 9 5 .52 87 8 0 .62 74 88.0781
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R ate [ร’1]

F ig u re  B 2 The plot of viscosity versus shear rates from 0.01 to 1 sec''of virgin pp 
film (COPP) with an equation of a fitted curve.

Equation R2 ๆ (rate =  1 O'2)
C O PP y =  2 5 9 9  -  5 29 .6x 0 .9931 2 5 9 3 .7 0 4
C R 1PP y  =  2761 -  476 .6 x 0 .9 9 1 7 2 7 5 6 .2 3 4
C R 2PP y  =  2831 -  5 5 2 .8x 0 .9 8 7 7 2 8 2 5 .4 7 2
C R 3PP y =  2 8 1 9  -  5 4 4 .lx 0 .9 85 8 2 8 1 3 .5 5 9
C R 4PP y =  2 9 4 3 - 5 7 1 .Ox 0 .9 9 1 6 2 9 3 7 .2 9 0

B .2 T h e r m a l p ro p er tie s  o f  p p  film s
T a b le  B 3 Melting temperature and percentage of crystallinity of pp film

T m (°C ) A H f (J/g) % C rystallin ity
C O PP 165.166 8 5 .15 2 29 .36 3

C R 1PP 164.666 8 6 .24 2 2 9 .7 3 9
C R 2PP 165.333 8 6 .93 8 2 9 .97 9
C R 3PP 165.166 8 7 .99 4 30 .343
C R 4PP 163.666 8 9 .00 7 30 .69 2
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B.3 Gas chromatography calibration
Table B4 Standard refinery gas mixture

% V olu m e Gas
15 hydrogen
15 nitrogen
5 carbon d ioxide
5 carbon m onox id e
5 m ethane
1 ethylene

10 ethane
1 propylene
5 propane
10 iso-butane
5 n-butane
10 1 -butene
5 trans-2-butene
5 cis-2-butene
1 n-Pentane
2 iso-pentane

T a b le  B 5  Standard liquid mixture
% V olu m e % A ssay D ensity Liquid

2 .5 99 .00 0 .6 2 6 0 n-pentane
2 .5 99 .00 0 .6 5 9 0 n-hexane
2 .5 99 .70 0 .6 8 4 0 n-heptane
2 .5 99 .85 0 .6 9 1 9 iso-octan e
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Table B6 Normalization composition and molecular weight of standard refinery gas
that can be detected by FID

% N orm alized  vo lu m e Gas M W Gi M W
8.33 m ethane 16.043 0 .0 2 7 8 2 -
1.67 ethylene 2 8 .0 5 4 2 0 .0 09 75 -

16.67 ethane 30 .0701 0 .1 0 4 3 6 -
1.67 propylene 4 2 .08 13 0 .0 14 63 -
8.33 propane 4 4 .0 9 7 2 0 .0 7 6 4 7 -
16.67 iso-butane 58 .12 43 0 .2 0 1 7 2

5 6 .9 8 9 9
8.33 n-butane 58 .12 43 0 .1 0 0 8 0
16.67 1 -butene 5 6 .1 0 8 4 0 .1 9 4 7 2
8.33 trans-2-butene 5 6 .1 0 8 4 0 .0 9 7 3 0
8.33 cis-2-butene 5 6 .1 0 8 4 0 .0 9 7 3 0
1.67 n-pentane 7 2 .1 5 1 4 0 .0 2 5 0 9 7 2 .1 5 1 4
3 .33 iso-pentane 7 2 .1 5 1 4 0 .0 5 0 0 2

T a b le  B 7 Normalization composition of standard liquid mixture
% N orm alized  volum e Liquid

24 .75 n-pentane
24 .75 n-hexane
24 .93 n-heptane
2 4 .9 6 iso-octane



Table B8 GC calibration of standard refinery gas
fstd = 1 .0 0 0 0 0
Gstd — 1 3 3 .6 3 8 4 4

N o. Gas Ai Gi s

1

m ethane 2 5 3 4 .8 0 7 6 2 1 33 .63844 1 .00000
ethylene 9 3 8 .5 2 7 8 9 4 6 .8 5 0 4 8 0 .9 4 6 8 5
ethane 9408 .39551 5 0 1 .2 6 8 9 0 1 .01058
propylene 1367.15015 7 0 .2 7 5 7 2 0 .9 7 5 0 0
propane 7 0 3 7 .3 6 6 7 0 3 6 7 .3 2 9 7 6 0 .9 9 0 0 6
c4 6 4 1 5 0 .2 0 0 0 0 3 3 2 4 .2 1 8 1 4 0 .9 8 2 8 9
c5 6 9 7 8 .2 2 3 1 4 3 6 0 .7 5 6 9 5 0 .9 8 0 5 8

2

m ethane 3 0 4 4 .7 9 2 7 2 133 .63844 1 .00000
ethylene 1127 .59814 4 6 .8 5 0 4 8 0 .9 4 6 6 4
ethane 1 13 05 .60000 5 0 1 .2 6 8 9 0 1 .01019
propylene 1643 .56897 7 0 .27 57 2 0 .9 7 4 1 9
propane 8 4 5 5 .52 1 48 3 6 7 .3 2 9 7 6 0 .9 8 9 7 9
c4 7 7 0 4 3 .2 0 0 0 0 3 3 2 4 .2 1 8 1 4 0 .9 8 3 0 6
c5 8 3 5 0 .40 9 18 3 6 0 .7 5 6 9 5 0 .98431

3

m ethane 2 63 9 .1 0 0 3 4 1 33 .63844 1 .00000
ethylene 9 7 7 .1 4 1 3 0 4 6 .8 5 0 4 8 0 .9 46 85
ethane 9 8 0 2 .0 7 9 1 0 0 5 0 1 .2 6 8 9 1 .00990
propylene 1424.68665 7 0 .2 7 5 7 2 0 .9 7 4 1 2
propane 7 32 6 .8 3 0 5 7 3 6 7 .3 2 9 7 6 0 .9 9 0 0 7
c4 6 6 7 8 8 .4 0 0 0 0 3 3 2 4 .2 1 8 1 4 0 .98291
c5 7 24 0 .1 3 0 3 7 3 6 0 .7 5 6 9 5 0 .9 8 3 9 9

4

m ethane 1669 .47742 133 .63844 1 .00000
ethylene 6 1 6 .9 8 9 0 7 4 6 .8 5 0 4 8 0 .94861
ethane 6 1 9 8 .9 3 5 0 6 5 0 1 .2 6 8 9 0 1 .01019
propylene 9 0 0 .6 8 2 0 7 7 0 .2 7 5 7 2 0 .9 74 73
propane 4 6 3 6 .3 1 4 9 4 3 6 7 .3 2 9 7 6 0 .9 8 9 7 7
c4 4 2 2 6 7 .0 0 0 0 0 3 3 2 4 .2 1 8 1 4 0 .98251
c5 4 5 7 9 .24 0 23 3 6 0 .7 5 6 9 5 0 .9 8 4 1 7

5

m ethane 3 4 0 1 .6 2 8 6 6 133 .63844 1 .00000
ethylene 1260 .78638 4 6 .8 5 0 4 8 0 .9 4 5 8 6
ethane 12629 .9 0 00 0 5 0 1 .2 6 8 9 0 1 .01024
propylene 1836 .68420 7 0 .27 57 2 0 .9 73 93
propane 9 4 4 4 .6 8 6 5 2 3 6 7 .3 2 9 7 6 0 .9 8 9 9 7
c4 8 6 0 8 7 .2 0 0 0 0 3 3 2 4 .2 1 8 1 4 0 .9 8 2 8 9
Cs 9 3 3 2 .2 3 7 3 0 3 6 0 .7 56 9 5 0 .9 8 3 9 8
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m ethane 3 5 0 9 .5 8 3 9 8 133 .6 38 4 4 1 .00000
ethylene 129 9 .26 2 94 4 6 .8 5 0 4 8 0 .9 4 6 9 8
ethane 1 3 0 15 .9 0 00 0 5 0 1 .2 6 8 9 0 1 .01139
propylene 1 891 .21228 7 0 .2 7 5 7 2 0 .9 7 5 8 6
propane 9 7 3 2 .1 2 5 9 8 3 6 7 .3 2 9 7 6 0 .9 91 23
c4 8 87 1 0 .7 0 0 0 0 3 3 2 4 .2 1 8 1 4 0 .9 8 4 1 0
c5 9 6 1 0 .2 2 6 5 6 3 6 0 .7 5 6 9 5 0 .9 8 5 8 4

7

m ethane 4 2 7 1 .4 1 5 5 3 133 .6 38 4 4 1 .00000
ethylene 1582.31653 4 6 .8 5 0 4 8 0 .9 4 6 3 7
ethane 1 5 8 47 .4 0 00 0 5 0 1 .2 6 8 9 0 1 .01100
propylene 2 3 0 5 .7 1 7 0 4 7 0 .2 7 5 7 2 0 .9 7 4 1 8
propane 11867 .6 0 00 0 3 6 7 .3 2 9 7 6 0 .98931
c4 10802 5 .0 00 00 3 3 2 4 .2 1 8 1 4 0 .9 8 3 5 7
c5 11705 .6 0 00 0 3 6 0 .7 5 6 9 5 0 .9 8 5 0 6

8

m ethane 1 955 .63562 133 .6 38 4 4 1 .00000
ethylene 7 2 2 .9 0 8 2 6 4 6 .8 5 0 4 8 0 .9 4 8 3 9
ethane 7 2 6 1 .38 9 65 5 0 1 .2 6 8 9 0 1 .01020
propylene 1 055 .85986 7 0 .27 57 2 0 .9 7 3 9 9
propane 5 42 5 .7 9 2 4 8 3 6 7 .3 2 9 7 6 0 .9 9 0 7 2
c4 4 9 5 3 2 .9 0 0 0 0 3 3 2 4 .2 1 8 1 4 0 .9 8 2 0 9
c5 5 37 0 .1 4 8 4 4 3 6 0 .7 5 6 9 5 0 .9 8 3 0 7

9

m ethane 2 3 3 4 .9 0 7 9 6 1 33 .63844 1 .00000
ethylene 8 6 3 .3 5 1 8 7 4 6 .8 5 0 4 8 0 .9 4 8 1 2
ethane 8 6 6 1 .98 6 33 5 0 1 .2 6 8 9 0 1 .01109
propylene 1 259 .66797 7 0 .2 7 5 7 2 0 .9 7 4 7 4
propane 6 4 7 7 .3 0 7 6 2 3 6 7 .3 2 9 7 6 0 .9 90 83
c4 5 90 8 2 .9 0 0 0 0 3 3 2 4 .2 1 8 1 4 0 .9 83 03
c5 6 4 0 7 .5 3 9 0 6 3 6 0 .7 5 6 9 5 0 .9 8 3 7 0

10

m ethane 1 586 .39600 1 33 .63844 1 .00000
ethylene 5 8 4 .3 18 9 7 4 6 .8 5 0 4 8 0 .9 5 1 8 0
ethane 5 8 6 8 .78 6 13 3 0 .0 7 0 1 2 1 .01392
propylene 8 5 1 .9 5 7 7 6 4 2 .0 8 1 2 7 0 .9 7 9 1 9
propane 4 3 7 6 .3 3 5 9 4 3 6 7 .3 2 9 7 6 0 .9 9 6 3 8
c4 3 98 9 2 .4 0 0 0 0 3 3 2 4 .2 1 8 1 4 0 .9 8 9 1 9
c5 4 3 1 2 .2 1 5 8 2 3 6 0 .7 5 6 9 5 0 .9 9 3 1 0
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T a b le  B9 GC calibration of standard liquid mixture using pentane as the standard 
component

fstd 0 .9 8 4 1 1

Gstd — 1 5 .4 9 3 5 0
No. Liquid Ai Gi fi

1

c5 45306 .20000 15.49350 0.98411
c6 49823.00000 16.31025 0.94207
c7 54036.30000 17.04870 0.90794
c8 51225.30000 17.27155 0.97028

2

c5 45374.50000 15.49350 0.98411
c6 50004.60000 16.31025 0.94006
c7 53982.00000 17.04870 0.91022
c8 50879.50000 17.27155 0.97835

3

c5 45701.40000 15.49350 0.98411
c6 50062.00000 16.31025 0.94575
c7 52741.50000 17.04870 0.93834
c8 51112.90000 17.27155 0.98090

4

c5 49069.30000 15.49350 0.98411
c6 54269.70000 16.31025 0.93671
c7 57877.80000 17.04870 0.91809
c8 56170.00000 17.27155 0.95837

5

c5 43738.60000 15.49350 0.98411
c6 48590.60000 16.31025 0.93254
c7 51728.90000 17.04870 0.91562
c8 50204.60000 17.27155 0.95576
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T a b le  BIO Response factors
fi Std

M ethane 1 .00000 0 .0 0 0 0 0
E thylene 0 .9 4 6 5 4 0 .0 0 2 1 7
Ethane 1 .00996 0 .0 0 2 4 7
P ropylene 0.97351 0 .0 0 3 2 4
Propane 0 .9 8 9 2 0 0 .0 0 3 9 0
c4 0 .9 8 2 4 2 0 .0 0 3 9 7
c5 0 .98411 0 .0 0 4 7 2
c6 0 .9 39 43 0 .0 0 4 5 2

F ig u re  B 3 Chromatogram of standard refinery gas calibration.

F ig u re  B 4  Chromatogram of standard liquid mixture.
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F ig u re  B 5 An example of Chromatogram of pyrolysed gas (from commercial pp 
film with 4% sulfate of sulfated zirconia at c /p  ratio = 0.17).

%Off vs Time%Otr

RTKWn)

F ig u re  B 6 An example of Chromatogram of pyrolysed liquid (from commercial pp 
film with 4% sulfate of sulfated zirconia at c /p  ratio = 0.17).



60

T a b le  B l l  ASTM Method D2887 Column Test Mixture
C om ponent Carbon number % by  W eight B o ilin g  P oint (°C )
n-hexane 6 6.0 6 8 .9
n-heptane 7 6 .0 9 7 .8
n-octane 8 8.0 126.1
ท-ทonane 9 8.0 151.1
n-decane 10 12.0 173 .9
ท-นทdecane 11 12.0 196.1
n-dodecane 12 12.0 216.1
n-tetradecane 14 12.0 2 5 3 .9
n -hexadecane 16 10.0 2 8 7 .2
n-octadecane 18 5.0 316.1
n -eicosan e 20 2.0 3 4 3 .9
n-tetracosane 24 2.0 391.1
n-octacosan e 28 1.0 431.1
n-dotriacontane 32 1.0 466.1
n-hexatriacontane 36 1.0 496.1
n-tetracontane 40 1.0 522 .2
n-tetratetracontane 44 1.0 545

F ig u re  B 7  GC calibration curve of ASTM Method D2887 Column Test Mixture 
with the equation of fitted curve.
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T a b le  B 12  Boiling point of hydrocarbons (C6 to C4 9 ) using the equation in Figure
B7

Carbon num ber B o ilin g  point (๐C) Carbon num ber B o ilin g  point (°C )
6 6 9 .9 28 4 3 0 .5
7 9 8 .4 29 4 3 9 .6
8 125.1 30 4 4 8 .4
9 150.1 31 4 5 7 .0
10 173.6 32 4 6 5 .4
11 195.6 33 473 .5
12 216 .3 34 481 .3
13 2 3 5 .8 35 4 8 9 .0
14 254 .0 36 4 9 6 .4
15 271 .3 37 503 .5
16 287 .5 38 510 .4
17 302 .8 39 5 1 7 .0
18 317 .4 40 523 .2
19 331.1 41 529.1
20 344 .2 42 534 .7
21 3 5 6 .6 43 539 .8
22 368 .5 44 544 .5
23 379 .9 45 548 .6
24 390 .8 46 552 .2
25 4 0 1 .2 47 555 .2
26 411 .3 48 557 .5
27 4 2 1 .0 49 559.1

B.4 E ffec t o f  film  rep ro cess in g  on  p y ro ly sed  p ro d u cts  
T a b le  B13 Pyrolysed product yield of pp film

Product (%wt) VPP COPP CR1PP CR2PP CR3PP CR4PP
Residue 0.00 0.00 0.00 0.00 0.00 0.93
Gas 36.66 36.78 48.08 42.62 34.14 34.15
Liquid 63.34 63.22 51.92 57.38 65.86 64.92
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T a b le  B 1 4  Pyrolysed gas products of pp films
% M ass

VPP COPP C R 1P P C R 2PP C R 3PP C R4PP
M ethane 1.148 1.432 1.387 1.245 1.353 1.531
E thylene 0 .1 7 4 4 0 .1 9 5 0 0 .1 8 7 2 0 .1 7 1 9 0 .1 6 9 9 0 .3 24 6
Ethane 3 .6 95 4 .4 4 7 4 .2 3 8 3 .8 25 4 .1 7 7 4 .8 1 7
P ropylene 2 6 .0 2 3 1 .34 3 0 .4 0 2 7 .5 0 2 9 .8 0 32 .50
Propane 1.779 2 .1 9 9 2.111 1.888 2 .1 1 6 2 .2 57
c4 6 .9 2 2 7 .9 0 7 7 .8 6 6 7 .3 2 8 8 .113 7 .4 70
c5 3 3 .8 6 3 2 .92 33.91 35 .43 3 4 .7 7 31 .98
c6 26.41 19.56 19.91 2 2 .6 2 19.50 19.11

% V olum e
VPP COPP C R 1PP C R 2PP C R 3PP C R 4PP

M ethane 4 .0 7 4 4 .7 9 8 4 .6 8 9 4 .3 3 9 4 .5 93 5 .059
E thylene 0 .3 53 8 0 .3 73 5 0 .3 6 2 0 0 .3 42 5 0 .3 2 9 8 0 .6 13 2
Ethane 6 .9 9 7 7 .9 48 7 .6 4 6 7 .1 08 7 .5 65 8 .4 89
P ropylene 3 5 .2 0 40 .03 3 9 .1 9 36 .53 3 8 .5 7 40 .93
Propane 2 .2 9 7 2 .6 80 2 .5 9 7 2 .393 2 .613 2 .713
c4 6 .915 7 .4 56 7 .4 8 8 7 .1 87 7 .7 54 6 .9 47
c5 26 .72 2 4 .52 2 5 .5 0 2 7 .4 4 26 .25 2 3 .4 9
c6 17.45 12.20 12.53 14.67 12.32 11.76
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T a b le  B 1 5  % Accumulation and boiling point of pyrolysed liquid product of virgin
pp pellets, reprocessed and virgin pp films
VPP

% OFF B .P .(°C ) % OFF B .P .(°C ) % O FF B .P .(°C )
0 134.6 34 350 .7 68 473.1
1 134.8 35 362 .5 69 4 7 5 .7
2 135.2 36 366.1 70 4 7 6 .0
3 150.9 37 370.1 71 4 7 7 .2
4 176.6 38 373 .9 72 480 .3
5 190.5 39 374 .4 73 4 8 4 .7
6 191.2 40 380.1 74 4 8 6 .6
7 192.0 41 389 .5 75 491.1
8 205 .2 42 392 .6 76 4 9 1 .9
9 2 1 5 .0 43 397 .7 77 492 .5
10 2 3 2 .4 44 398.1 78 494 .3
11 2 3 5 .9 45 400 .5 79 498 .8
12 236 .3 46 408 .8 80 500 .6
13 236 .8 47 412 .4 81 503.1
14 237 .9 48 416.1 82 505 .2
15 239 .0 49 4 1 9 .6 83 505 .6
16 239 .4 50 4 2 0 .0 84 508 .4
17 244 .3 51 421 .7 85 513 .2
18 249 .6 52 426 .5 86 516 .0
19 266 .7 53 4 3 2 .6 87 520 .5
20 274 .9 54 4 3 5 .0 88 521.1
21 2 7 8 .9 55 4 3 9 .6 89 523 .5
22 2 8 5 .7 56 440 .2 90 526 .7
23 290 .0 57 440 .6 91 528 .8
24 304 .8 58 442 .9 92 531 .4
25 3 0 8 .0 59 449 .6 93 532 .6
26 311 .5 60 452 .4 94 537 .0
27 312 .7 61 455 .3 95 540 .0
28 317 .2 62 458 .7 96 545.1
29 318 .6 63 459.1 97 546 .5
30 331 .6 64 459 .7 98 551 .8
31 338 .5 65 462 .2 99 557.1
32 343 .2 66 468.1 100 559 .3
33 347 .6 67 470 .2
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COPP
% O FF B .P .(°C ) % OFF B .P .(°C ) % O FF B .P .(°C )

0 115.9 34 309 .5 68 460 .5
1 133.5 35 311 .9 69 464 .3
2 134.5 36 316 .2 70 4 6 9 .7
3 134.7 37 318 .3 71 471 .8
4 134.8 38 329 .8 72 4 7 5 .6
5 135.0 39 338 .6 73 4 7 6 .0
6 135.1 40 344.1 74 477 .5
7 135.4 41 347 .8 75 481 .8
8 135.8 42 354 .3 76 485 .7
9 138.9 43 365 .2 77 488 .8
10 153.3 44 368 .8 78 4 9 1 .8
11 175.5 45 373 .9 79 4 9 2 .6
12 188.7 46 374 .5 80 4 9 5 .0
13 190.7 47 381 .9 81 499 .5
14 191.3 48 390 .0 82 501 .8
15 191.9 49 394 .7 83 505.1
16 201 .3 50 398 .0 84 505 .6
17 206.1 51 400 .0 85 508 .9
18 221 .3 52 408 .3 86 513 .8
19 235 .6 53 412 .8 87 517.1
20 236.1 54 417 .4 88 520 .7
21 236 .5 55 419 .8 89 522 .5
22 236 .8 56 420 .7 90 526.1
23 2 3 7 .9 57 425 .7 91 528 .7
24 2 3 9 .0 58 432 .8 92 530 .8
25 239 .4 59 435 .8 93 5 3 1 .9
26 240.1 60 440 .0 94 535 .4
27 249 .2 61 440 .5 95 539 .8
28 264 .3 62 442 .7 96 545.1
29 2 7 5 .0 63 449 .3 97 547 .4
30 2 7 9 .0 64 452 .5 98 552 .7
31 286.1 65 455 .2 99 557.1
32 293 .8 66 458 .6 100 559 .6
33 307 .6 67 459 .2
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CRI PP
% OFF B .P .(°C ) % OFF B .P .(°C ) % O FF B .P .(°C )

0 63.5 34 247 .6 68 447 .8
1 65 .7 35 2 5 3 .6 69 4 5 2 .4
2 114.6 36 274.1 70 4 5 5 .7
3 132.3 37 2 7 6 .7 71 4 5 8 .8
4 134.4 38 2 8 3 .6 72 459 .5
5 134.5 39 290 .3 73 4 6 1 .8
6 134.6 40 307 .3 74 4 6 8 .4
7 134.7 41 309 .4 75 471.1
8 134.9 42 311 .9 76 4 7 5 .6
9 135.0 43 316 .6 77 476.1
10 135.1 44 319.1 78 4 7 7 .8
11 135.2 45 335.1 79 483 .5
12 135.4 46 340 .8 80 4 8 6 .0
13 135.6 47 347 .4 81 489 .8
14 135.8 48 349 .4 82 4 9 1 .9
15 136.0 49 362 .6 83 493 .5
16 141.8 50 367 .6 84 497 .5
17 153.1 51 372 .6 85 500 .7
18 172.8 52 374 .3 86 504 .5
19 185.9 53 3 7 8 .6 87 505 .5
20 190.6 54 389 .6 88 508 .7
21 191.2 55 393 .7 89 514 .3
22 191.8 56 397 .9 90 520.1
23 199.6 57 399 .7 91 521 .5
24 205 .8 58 408 .4 92 5 2 5 .9
25 219 .4 59 4 1 3 .0 93 529.1
26 234 .2 60 418 .5 94 531 .5
27 2 3 5 .9 61 4 1 9 .9 95 534 .4
28 236 .4 62 4 2 1 .9 96 539 .8
29 236 .7 63 429 .3 97 545 .3
30 237 .8 64 433 .5 98 549 .2
31 2 3 8 .9 65 439.1 99 556.1
32 239 .2 66 440 .3 100 558 .9
33 2 3 9 .7 67 442 .0
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CR2PP
% O FF B .P .(°C ) % OFF B .P .(°C ) % OFF B .P .(°C )

0 81.1 34 2 9 4 .6 68 4 5 8 .8
1 115.5 35 307 .6 69 459 .5
2 134.4 36 309.1 70 461 .2
3 134.6 37 311 .8 71 467 .3
4 134.7 38 314 .3 72 470 .3
5 134.9 39 317 .8 73 4 7 4 .0
6 135.1 40 322.1 74 4 7 5 .9
7 135.2 41 335 .7 75 4 7 6 .6
8 135.4 42 340 .0 76 4 7 9 .7
9 135.6 43 345 .0 77 4 8 4 .9
10 135.8 44 348 .0 78 4 8 7 .2
11 135.9 45 353 .5 79 4 9 1 .6
12 138.3 46 365 .0 80 4 9 2 .2
13 149.2 47 368 .3 81 493 .8
14 172.0 48 373.1 82 4 9 7 .7
15 177.6 49 374 .3 83 500 .6
16 190.7 50 377 .9 84 503 .6
17 191.3 51 388 .9 85 505 .4
18 191.8 52 392 .8 86 506 .6
19 195.2 53 397 .8 87 5 1 2 .0
20 205 .8 54 398 .6 88 5 1 4 .9
21 2 2 0 .9 55 405.1 89 520 .5
22 235 .8 56 4 1 2 .6 90 5 2 1 .2
23 2 3 6 .4 57 416 .9 91 524 .4
24 2 3 6 .7 58 419 .9 92 527 .5
25 237 .8 59 421 .2 93 531 .2
26 238 .9 60 427 .0 94 5 3 1 .9
27 239 .5 61 433 .3 95 536 .5
28 240 .2 62 437 .7 96 540 .6
29 249 .5 63 440 .3 97 545 .5
30 267 .3 64 441.1 98 548 .5
31 275 .3 65 4 4 5 .9 99 556.1
32 279 .4 66 452 .2 100 558 .5
33 286 .2 67 455 .0
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CR3PP
% OFF B .P .(°C ) % OFF B .P .(°C ) % O FF B .P .(°C )

0 113.9 34 304 .8 68 4 4 6 .2
1 128.1 35 308 .0 69 452.1
2 134.4 36 310 .9 70 4 5 4 .7
3 134.6 37 311 .9 71 458 .5
4 134.7 38 315.1 72 4 5 9 .2
5 134.9 39 317 .7 73 4 6 0 .7
6 135.0 40 322 .0 74 4 6 6 .0
7 135.1 41 335 .0 75 470.1
8 135.5 42 338 .8 76 473 .5
9 135.9 43 343 .2 77 4 7 5 .9
10 139.3 44 347 .6 78 4 7 6 .7
II 158.7 45 349 .4 79 4 8 0 .8
12 176.3 46 358 .8 80 4 8 5 .7
13 190.4 47 365 .4 81 489.1
14 191.1 48 368 .5 82 4 9 1 .9
15 191.8 49 372 .9 83 4 9 3 .4
16 201 .2 50 374 .2 84 497 .5
17 207 .4 51 376 .7 85 500 .8
18 223 .4 52 385 .0 86 505 .0
19 235 .7 53 390 .3 87 505 .5
20 236 .3 54 394 .4 88 509 .4
21 2 3 6 .6 55 397 .9 89 514 .3
22 2 3 6 .9 56 398 .6 90 519 .4
23 2 3 7 .9 57 404 .4 91 521 .2
24 2 3 9 .0 58 412.1 92 525 .2
25 2 3 9 .4 59 415 .2 93 528 .6
26 2 4 0 .0 60 419 .6 94 531 .3
27 248 .8 61 420 .0 95 5 3 3 .0
28 2 5 8 .0 62 4 2 2 .4 96 538 .9
29 2 7 3 .4 63 430 .3 97 544 .9
30 276.1 64 433 .6 98 548 .0
31 279 .3 65 4 3 8 .7 99 555 .2
32 2 8 6 .0 66 440 .2 100 558 .4
33 290 .3 67 441 .5
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CR4PP
% O FF B .P .(°C ) % OFF B .P .(°C ) % OFF B .P .(°C )

0 131.9 34 331 .8 68 4 6 9 .7
1 134.4 35 338 .6 69 4 7 1 .7
2 134.6 36 343 .6 70 4 7 5 .7
3 134.8 37 347 .8 71 4 7 6 .0
4 135.0 38 351 .4 72 4 7 7 .0
5 135.2 39 364 .0 73 4 8 0 .6
6 135.5 40 367 .2 74 485.1
7 135.9 41 371.1 75 487.1
8 145.6 42 374.1 76 491 .5
9 167.2 43 375 .5 77 4 9 2 .0
10 176.8 44 383 .5 78 493.1
11 190.5 45 390.1 79 495 .5
12 191.3 46 394.3 80 499 .5
13 192.0 47 397 .9 81 501 .4
14 205.1 48 398.3 82 505 .0
15 217 .8 49 403 .5 83 505 .4
16 235 .6 50 411 .9 84 506 .8
17 236 .3 51 414 .8 85 512 .2
18 236 .7 52 419 .5 86 514 .6
19 237 .8 53 420 .0 87 520.1
20 2 3 9 .0 54 421 .6 88 520 .9
21 239 .5 55 4 2 7 .2 89 522 .6
22 2 4 4 .6 56 4 3 3 .0 90 526 .2
23 251 .8 57 436.1 91 528 .5
24 2 7 1 .6 58 440.1 92 531 .3
25 276.1 59 440 .4 93 5 3 1 .9
26 2 8 0 .0 60 442 .3 94 535.1
27 286 .4 61 448 .3 95 539 .6
28 299.1 62 452 .3 96 544 .3
29 307 .8 63 455.1 97 545 .9
30 310 .9 64 458 .7 98 5 5 0 .6
31 312.1 65 459 .3 99 556 .8
32 316 .8 66 460 .4 100 559.1
33 318 .5 67 464 .2
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T a b le  B 16  Fitted equations and parameters of pyrolysed liquid product of virgin pp 
pellets, reprocessed and virgin pp films

y  -  y ° +  ( - „ )
[\ +  e b Y

Parameter V alue ?

VPP

a 1.19E +02

0 .9 98 4
b 1.03E+01
c 4 .3 9 E -0 2
Xo 5 .4 7 E + 0 2
yo -1 .86E + 01

C O PP

a 9 .3 6 E + 0 2

0 .9 95 7
b 1 .67E + 02
c 4.73E -01
Xo 1.24E +03
yo -3 .41E + 01

C R 1PP

a 8 .9 4E + 02

0 .9 92 0
b 5 .0 9E + 02
c 1.26E +00
Xo 1.13E +03
yo -5 .38E + 01

C R 2PP

a 1.66E +03

0 .9 95 7
b 2 .6 9E + 02
c 6.66E -01
Xo 1.54E +03
yo -4 .25E + 01

C R 3PP

a 1.11E +03

0 .9 97 8
b 3 .1 3E + 02
c 6.76E -01
Xo 1.42E +03
yo -6 .21E + 01

C R 4PP

a 5 .8 9E + 02

0 .9 97 4
b 1.03E +02
c 3.67E -01
Xo 9 .9 1E + 02
yo -2 .24E +01
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T a b le  B 1 7  % Accumulation and % Mass of pyrolysed liquid product of virgin pp
pellets, reprocessed and virgin pp films
VPP

Carbon num ber % A ccu m u la tio n % M ass
8' 1.04 1.04
9 3 .26 2 .2 2
10 5 .57 2.31
11 7 .96 2 .3 9
12 10.42 2 .46
13 12.94 2 .5 2
14 15.50 2 .5 7
15 18.11 2.61
16 20 .75 2 .64
17 23 .42 2 .67
18 26.11 2 .69
19 2 8 .8 2 2.71
20 31 .55 2.73
21 3 4 .2 9 2 .74
22 3 7 .04 2 .76
23 39.81 2 .77
24 4 2 .6 0 2 .7 9
25 4 5 .4 0 2 .8 0
26 48 .22 2 .82
27 51 .07 2 .8 4
28 53.93 2 .8 6
29 56.81 2 .89
30 59 .72 2.91
31 62 .65 2.93
32 65.61 2.95
33 68 .58 2 .97
34 71 .56 2 .98
35 74 .54 2 .98
36 7 7 .52 2 .98
37 8 0 .46 2.95
38 8 3 .36 2 .89
39 86.15 2 .79
40 88 .79 2 .64
41 91.21 2 .42
42 93 .34 2.13
43 95.11 1.77
44 96.51 1.40
45 97 .55 1.04
46 98 .29 0 .74
47 9 8 .7 9 0.51
48 99 .12 0.33
49 99 .32 0 .19
5 0 + 100.00 0 .68

COPP
Carbon num ber % A ccum ulation % M ass

T 2 .65 2 .65
8 5 .54 2 .89
9 8 .46 2 .9 2
10 11.40 2.93
11 14.33 2.93
12 17.26 2 .93
13 2 0 .1 7 2.91
14 23 .05 2 .8 9
15 25.91 2 .86
16 28 .73 2 .82
17 3 1 .5 2 2 .79
18 3 4 .2 7 2 .75
19 3 6 .9 9 2.71
20 3 9 .6 7 2 .68
21 42.31 2 .64
22 4 4 .9 2 2.61
23 4 7 .4 9 2 .5 8
24 50 .04 2 .55
25 5 2 .5 7 2 .52
26 5 5 .0 7 2 .5 0
27 57 .55 2 .48
28 60.01 2 .47
29 6 2 .4 7 2.45
30 6 4 .9 0 2 .44
31 67 .33 2 .42
32 69 .74 2.41
33 72 .13 2 .39
34 74.51 2 .3 8
35 7 6 .8 6 2 .3 6
36 79 .19 2.33
37 81 .48 2 .2 9
38 83 .73 2 .25
39 8 5 .92 2 .19
40 88 .05 2.13
41 90 .09 2 .04
42 92 .03 1.94
43 9 3 .8 6 1.82
44 95 .54 1.68
45 97 .05 1.52
46 98 .38 1.33
47 9 9 .4 9 1.11

4̂ 00 100 .00 0.51
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CR1PP
Carbon num ber % A ccum ulation % M ass

6 ‘ 2 .38 2 .38
7 6.01 3.63
8 9 .5 9 3 .59
9 13.13 3.54
10 16.61 3.47
11 20.01 3 .40
12 23 .33 3.32
13 2 6 .5 7 3 .24
14 2 9 .73 3 .16
15 3 2 .8 0 3 .07
16 3 5 .7 8 2.98
17 38 .67 2 .89
18 4 1 .4 8 2.81
19 44.21 2.73
20 4 6 .8 7 2.65
21 49 .45 2.58
22 5 1 .96 2.51
23 5 4 .42 2.45
24 56.81 2.40
25 59.15 2.34
26 61 .45 2 .29
27 6 3 .7 0 2.25
28 65.91 2.21
29 68 .08 2 .17
30 70.21 2.14
31 72 .32 2 .10
32 74 .39 2.07
33 76 .42 2.04
34 78 .42 2.00
35 80 .38 1.96
36 82.31 1.92
37 84 .18 1.88
38 86.01 1.82
39 87 .77 1.76
40 89 .46 1.69
41 91 .08 1.62
42 9 2 .6 0 1.53
43 94 .03 1.42
44 95 .33 1.30
45 9 6 .5 0 1.17
46 9 7 .5 2 1.02
47 9 8 .3 7 0.85
48 9 9 .0 2 0 .66
49 99 .47 0.45o 100.00 0.53

CR2PP
Carbon num ber % A ccu m u lation % M ass

6 ‘ 0 .7 7 0 .77
7 3 .93 3.15
8 7 .0 9 3 .16
9 10.24 3 .16
10 13.38 3 .14
11 16.50 3.12
12 19.58 3 .08
13 2 2 .6 2 3 .04
14 2 5 .6 2 2 .99
15 2 8 .5 6 2 .94
16 31 .45 2 .89
17 3 4 .2 9 2 .84
18 3 7 .0 7 2 .78
19 3 9 .8 0 2.73
20 4 2 .4 8 2.68
21 45.11 2.63
22 4 7 .6 9 2.58
23 50.23 2 .54
24 5 2 .74 2 .50
25 5 5 .2 0 2.47
26 5 7 .64 2 .44
27 60 .05 2.41
28 62 .43 2.38
29 6 4 .7 9 2 .36
30 67 .13 2 .34
31 6 9 .4 5 2 .32
32 71 .74 2 .30
33 74 .02 2.28
34 76 .27 2.25
35 7 8 .5 0 2 .22
36 8 0 .6 9 2 .19
37 82 .84 2.15
38 84 .95 2.11
39 86 .99 2.05
40 88 .98 1.98
41 9 0 .8 7 1.90
42 9 2 .6 7 1.80
43 9 4 .3 6 1.69
44 9 5 .9 2 1.55
45 9 7 .3 2 1.40
46 9 8 .5 4 1.22
47 9 9 .5 6 1.02
4 8 + 100 .00 0 .44
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CR3PP CR4PP
Carbon num ber % A ccum ulation % M ass

7 0 .59 0 .59
8 4 .2 6 3 .67
9 7 .89 3.63
10 11.48 3.58
11 15.00 3 .52
12 18.45 3 .46
13 2 1 .8 4 3.38
14 25 .15 3.31
15 28 .38 3.23
16 31 .53 3.15
17 3 4 .6 0 3 .07
18 3 7 .6 0 3 .00
19 4 0 .5 2 2 .92
20 4 3 .3 7 2.85
21 4 6 .1 6 2 .79
22 4 8 .8 8 2.72
23 51 .55 2.67
24 54 .16 2.61
25 56.73 2 .57
26 59 .25 2 .52
27 61 .73 2.48
28 6 4 .1 8 2.45
29 6 6 .5 9 2.41
30 6 8 .9 7 2.38
31 71 .32 2.35
32 73 .64 2 .32
33 75 .94 2 .29
34 78 .20 2 .26
35 80 .42 2.22
36 8 2 .6 0 2.18
37 84 .74 2.14
38 86.83 2 .08
39 88 .85 2.02
40 9 0 .8 0 1.95
41 9 2 .6 6 1.86
42 94 .42 1.76
43 96 .07 1.65
44 97 .59 1.51
45 98 .95 1.36
4 6 + 100.00 1.05

Carbon num ber % A ccu m u lation % M ass
7 1.89 1.89
8 4 .3 2 2.43
9 6 .82 2 .50
10 9 .37 2 .55
11 11.97 2 .60
12 14.61 2.63
13 17.26 2 .6 6
14 19.94 2 .6 7
15 2 2 .6 2 2 .68
16 2 5 .3 0 2 .6 8
17 27 .98 2.68
18 3 0 .6 6 2 .6 7
19 3 3 .3 2 2 .67
20 3 5 .9 8 2 .66
21 3 8 .6 2 2 .65
22 4 1 .2 6 2 .64
23 4 3 .8 9 2.63
24 46.51 2 .62
25 4 9 .1 2 2 .62
26 51 .74 2.61
27 54 .35 2.61
28 5 6 .9 6 2.61
29 5 9 .5 7 2.61
30 6 2 .1 9 2 .62
31 64.81 2 .6 2
32 67 .43 2 .62
33 70 .05 2 .62
34 7 2 .6 7 2 .6 2
35 75 .28 2.61
36 7 7 .8 7 2 .5 9
37 80.43 2 .57
38 8 2 .9 6 2.53
39 8 5 .4 4 2 .48
40 87 .85 2.41
41 9 0 .1 8 2.33
42 9 2 .4 0 2 .22
43 9 4 .5 0 2 .09
44 9 6 .4 4 1.94
45 9 8 .1 9 1.75
46 99 .73 1.54
47 + 100 .00 0 .27
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B.5 Effect of catalyst to polymer ratio on pyrolysis products
Table B18 Pyrolysed product yield of commercial pp film with 4% sulfate on SO4 2

/ZrC>2 at various catalysts to polymer ratio (C/P)
C /P 0 .00 0 .17 0 .5 0 1.00

R esidue 0 .00 0 .0 0 0 .00 0 .0 0
Gas 50 .29 41 .05 35.81 29 .13
Liquid 49.71 58 .95 6 4 .1 9 7 0 .8 7

T a b le  B19 Pyrolysed gas product of commercial pp film with 4% sulfate on SO42 
/ZrC>2 at various catalysts to polymer ratio (C/P)

C /P 0 .00 0 .1 7 0 .50 1.00
% M ass Std % M ass Std % M ass Std % M ass Std

M ethane 1.08719 0 .0 20 63 1.07374 0 .0 16 33 0 .8 80 92 0 .0 0 2 0 3 0 .4 0 0 2 9 0 .0 0 6 8 7
E thylene 0 .1 8 4 7 0 0 .0 0 3 3 6 0 .2 50 28 0 .0 03 55 0 .8 80 92 0 .0 02 03 0 .4 0 0 2 9 0 .0 06 87
Ethane 3 .4 56 82 0 .0 5 1 3 2 3 .4 75 78 0 .05551 2 .9 24 35 0 .0 1 3 1 9 1.30291 0 .0 23 30
P ropylene 2 3 .1 2 3 1 9 0 .3 5 0 4 6 2 0 .31 70 9 0 .3 56 34 18.13516 0 .0 8 4 2 0 11.08673 0 .1 61 88
Propane 1.81261 0.01231 2 .6 47 52 0 .0 4 5 6 8 2 .1 5 5 8 6 0 .0 4 2 9 7 1 .24778 0 .0 25 70
c4 6 .8 40 09 0 .2 10 34 9 .9 44 04 0 .19801 12.26104 0 .14901 2 4 .2 3 0 5 4 0 .3 93 94
c5 3 4 .63 06 7 0 .3 21 22 34.79681 0 .4 54 84 3 5 .14 09 7 0 .1 0 0 8 6 3 4 .4 4 9 3 9 0 .2 13 52
c6 28 .86 47 3 0 .7 84 95 27 .49 47 4 0 .8 72 83 2 8 .2 7 6 7 9 0 .3 1 1 4 2 2 7 .28 23 5 0 .6 65 70

C /P 0 .0 0 0 .17 0 .50 1.00
% V ol. Std % V ol. Std % V ol. Std % V ol. Std

M ethane 3.95161 0 .0 5 5 1 9 3 .9 12 46 0.04121 3 .2 87 38 0 .0 0 7 7 2 1 .57989 0 .0 21 40
E thylene 0 .3 83 90 0 .0 05 06 0*52152 0 .0 0 5 3 9 0 .4 7 9 9 7 0 .0 0 0 8 4 0.00000 0.00000
Ethane 6 .7 03 54 0 .0 66 24 6 .75693 0 .0 7 3 2 0 5 .82225 0 .0 19 93 2 .7 4 3 5 6 0 .0 38 94
Propylene 3 2 .0 4 2 0 9 0 .32573 28.23161 0 .3 5 0 2 7 25 .80053 0 .0 7 8 0 7 16 .68217 0 .1 81 62
Propane 2 .3 97 00 0 .0 0 5 1 7 3 .50725 0 .0 4 3 8 0 2 .92683 0 .0 53 53 1 .79168 0 .03095
c4 6 .9 9 8 5 0 0 .1 81 23 10.20932 0 .1 58 02 12 .88019 0 .13551 2 6 .9 2 1 6 5 0 .3 38 40
c5 27 .98 89 5 0 .1 20 86 2 8 .20 01 9 0 .2 39 88 2 9 .15 85 6 0 .0 3 4 5 4 3 0 .2 3 3 1 8 0 .0 85 06
c6 19.53441 0 .6 08 86 18.66073 0 .6 7 0 6 4 19.64428 0 .2 4 3 4 2 2 0 .0 4 7 8 7 0 .5 48 94
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T a b le  B 2 0  % Off and boiling point of pyrolysed liquid product of commercial pp 
film with 4% sulfate on S0427Zr02 at various catalysts to polymer ratio (C/P)
c/p = 0 .0

%  O F F B .P .(°C ) %  O FF B .P .(°C ) %  O F F B .P .(°C )
0 135.5 34 346.7 68 459.6
1 172.4 35 348.3 69 461.8
2 189.2 36 354.7 70 467.5
3 191.2 37 364.4 71 470.2
4 191.9 38 366.9 72 472.7
5 201.1 39 370.0 73 474.7
6 206.2 40 373.7 74 476.0
7 221.6 41 374.3 75 476.8
8 232.1 42 378.1 76 480.5
9 236.2 43 387.2 77 484 .7
10 236.5 44 390.5 78 486.8
น 236.7 45 394.0 79 489.1
12 237.7 46 397.3 80 491.7
13 238.7 47 398.1 81 492.6
14 239.5 48 400.5 82 496.3
15 239.9 49 407.3 83 499.6
16 244.5 50 412.3 84 501.9
17 249.5 51 414.9 85 504.2
18 264.3 52 417.2 86 505.5
19 274.7 53 419.7 87 508.2
20 276.5 54 420.4 88 513.3
21 280.7 55 423.0 89 516.7
22 286.2 56 429.8 90 520.4
23 292.3 57 433.2 91 522.5
24 304.9 58 436.2 92 526.4
25 308.0 59 438.8 93 529.3
26 310.5 60 440.2 94 531.3
27 312.0 61 440.9 95 533.5
28 314.4 62 444.5 96 539.4
29 317.8 63 450.3 97 544.2
30 321.5 64 452.7 98 548.1
31 333.4 65 455.3 99 555.4
32 338.5 66 457.1 100 558.9
33 342.3 67 459.0
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c/p  = 0.17
%  O FF B .P .(°C ) %  O FF B .P .(°C ) %  O FF B .P .(°C )

0 172.1 34 395.9 68 487.2
1 184.5 35 398.2 69 489.1
2 191.7 36 401.4 70 491.4
3 202.8 37 407.3 71 492.3
4 218.7 38 412.0 72 494.2
5 231.2 39 414.9 73 497.1
6 236.2 40 418.0 74 499.3
7 236.8 41 419.9 75 500.8
8 239.2 42 422.2 76 502.5
9 241.4 43 426.7 77 504.2
10 250 .0 44 431.3 78 505.4
11 264.2 45 434.0 79 506.8
12 274.8 46 437.0 80 509.6
13 279.6 47 439.8 81 512.6
14 286.3 48 440.6 82 514.5
15 296.0 49 443.3 83 517.0
16 306.1 50 447.7 84 519.5
17 309.3 51 451.0 85 521.1
18 312.5 52 453.2 86 523.2
19 317.0 53 455.6 87 525.0
20 322.3 54 457.5 88 527.1
21 332.2 55 459.1 89 528.8
22 338.5 56 459.9 90 530.2
23 343.4 57 462.5 91 531.6
24 347.8 58 466.4 92 533.8
25 352.7 59 469.2 93 537.6
26 361.1 60 470.9 94 540.2
27 365.9 61 473.1 95 543.6
28 369.7 62 475.2 96 546.3
29 373.9 63 476.1 97 550.5
30 376.1 64 477.5 98 554.3
31 382.1 65 480.1 99 558.5
32 388.7 66 483.3 100 560.7
33 392.3 67 485.6
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c/p = 0.50

%  O FF B .P .(°C ) %  O FF B .P .(°C ) %  O FF B .P .(°C )
0 134.8 34 365.4 68 475.8
1 144.0 35 369.0 69 477.1
2 172.5 36 372.9 70 479.9
3 184.9 37 375.3 71 483.4
4 190.8 38 380.4 72 485.9
5 194.1 39 386.4 73 488.3
6 203.1 40 390.4 74 490.8
7 212.7 41 394.2 75 492.2
8 223.3 42 397.8 76 494.3
9 231.7 43 400.3 77 497.4
10 235.8 44 404.9 78 499.7
11 236.8 45 410.0 79 501.5
12 239.1 46 413.3 80 503.5
13 241.7 47 416.6 81 505.3
14 249.1 48 419.6 82 506.6
15 258.7 49 421.6 83 509.7
16 268.4 50 425.5 84 513.1
17 274.9 51 430.1 85 515.5
18 279.4 52 433.4 86 518.5
19 285.9 53 436.5 87 520.9
20 291.9 54 439.6 88 523.0
21 300.4 55 440.7 89 525.3
22 306.9 56 444.0 90 527.5
23 309.6 57 448.3 91 529.6
24 312.5 58 451.8 92 531.4
25 316.7 59 454.3 93 533.3
26 321.2 60 456.6 94 537.5
27 328.5 61 458.8 95 540.8
28 335.8 62 459.8 96 544.6
29 340.2 63 462.6 97 547.6
30 344.6 64 466.5 98 553.0
31 348.3 65 469.6 99 557.5
32 353.9 66 471.7 100 560.4
33 360.8 67 474.1
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c/p= 1.00
%  O F F B .P .(°C ) %  O FF B .P .(°C ) %  O FF B .P .(°C )

0 132.3 34 344.4 68 459.7
1 146.0 35 348.4 69 462.8
2 165.3 36 352.5 70 466.0
3 177.2 37 356.6 71 468.9
4 185.5 38 360.7 72 471.8
5 191.9 39 364.6 73 474.6
6 198.0 40 368.3 74 477.6
7 205.1 41 371.9 75 480.6
8 212.1 42 375.5 76 483.6
9 217.9 43 379.2 77 486.5
10 224.0 44 382.9 78 489.3
11 230.0 45 386.5 79 492 .4
12 234.2 46 390.1 80 496.1
13 238.4 47 393.5 81 498 .4
14 243.4 48 396.8 82 500.8
15 249.2 49 400.1 83 503.5
16 255.3 50 403.5 84 506.3
17 261.6 51 406.8 85 509.8
18 267.8 52 410.1 86 513.4
19 273.4 53 413.3 87 516.9
20 278.6 54 416.5 88 520.8
21 283.8 55 419.7 89 523.7
22 289.1 56 422.8 90 526.2
23 294.3 57 426.0 91 528.7
24 299.5 58 429.2 92 531.1
25 304.4 59 432.4 93 533.8
26 308.6 60 435.5 94 537.5
27 312.7 61 438.6 95 540.7
28 317.0 62 441.7 96 544.8
29 321.7 63 444.8 97 548.6
30 326.4 64 448.0 98 553.0
31 331.2 65 451.1 99 557.5
32 335.8 66 454.1 100 560.1
33 340.1 67 456.8
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Table B21 Fitted equation and parameters of pyrolysed liquid product of commercial
pp film with 4% sulfate on S0427Zr02 at various catalysts to polymer ratio (C/P)

y - y «  +
[\ +  e b ] c

Parameter Value p

c /p  =  0.00 a 1.34E+02 0.9984
b 1.37E+01
c 4.96E-02

Xo 5.39E+02
yo -3.31E+01

C/P = 0.17 a 1.09E+02 0.9993
b 1.15E+01
c 7.30E-02

Xo 5.44E+02
yo -8.51E+00

C/P = 0.50 a 1.19E+02 0.9995
b 9.32E+00
c 4.18E-02

Xo 5.47E+02
yo -1.89E+01

C/P = 1.00 a 1.50E+02 0.9999
b 5.09E+O1
c 1.98E-01

Xo 5.64E+02
yo -2.93E+01
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Table B22 % Accumulation and % Mass of pyrolysed liquid product of commercial pp
film with 4% sulfate on S0 4 2VZr0 2  at various catalysts to polymer ratio (C/P)
c/p = 0.00

Carbon number % Accumulation % Mass
10- 2.58 2.58
11 5.54 2.96
12 8.54 3.00
13 11.58 3.03
14 14.63 3.05
15 17.70 3.07
16 20.77 3.07
17 23.84 3.07
18 26.91 3.07
19 29.98 3.06
20 33.03 3.05
21 36.08 3.05
22 39.11 3.04
23 42.14 3.03
24 45.17 3.02
25 48.19 3.02
26 51.21 3.02
27 54.23 3.02
28 57.26 3.03
29 60.28 3.03
30 63.32 3.03
31 66.36 3.04
32 69.39 3.04
33 72.43 3.03
34 75.44 3.01
35 78.42 2.98
36 81.34 2.92
37 84.16 2.83
38 86.85 2.68
39 89.34 2,49
40 91.57 2.23
41 93.50 1.93
42 95.10 1.60
43 96.37 1.27
44 97.34 0.97
45 98.06 0.72
46 98.58 0.52
47 98.95 0.36
48 99.19 0.24
49 99.34 0.15
50* 100.0 0.66

C /P =  0.17
Carbon number %  Accumulation %  Mass

9- 0.52 0.52
10 1.97 1.45
11 3.54 1.57
12 5.23 1.69
13 7.03 1.80
14 8.93 1.91
15 10.94 2.01
16 13.05 2.11
17 15.25 2.20
18 17.54 2.29
19 19.91 2.37
20 22.36 2.45
21 24.89 2.53
22 27.50 2.61
23 30.18 2.69
24 32.95 2.76
25 35.79 2.84
26 38.71 2.92
27 41.71 3.00
28 44.80 3.09
29 47.97 3.17
30 51.22 3.25
31 54.56 3.34
32 57.98 3.42
33 61.48 3.50
34 65.04 3.57
35 68.66 3.62
36 72.32 3.65
37 75.97 3.65
38 79.57 3.60
39 83.06 3.49
40 86.34 3.28
41 89.31 2.97
42 91.88 2.57
43 94.00 2.11
44 95.65 1.65
45 96.87 1.23
46 97.75 0.88
47 98.36 0.61
48 98.76 0.40
49 99.00 0.24
50* 100.0 1.00
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c/p -  0.50
Carbon number %  Accumulation %  Mass

9' 1.30 1.30
10 3.54 2.24
11 5.87 2.33
12 8.27 2.40
13 10.75 2.47
14 13.28 2.53
15 15.86 2.58
16 18.48 2.62
17 21.14 2.66
18 23.82 2.69
19 26.54 2.72
20 29.28 2.74
21 32.04 2.76
22 34.83 2.78
23 37.63 2.80
24 40.46 2.83
25 43.31 2.85
26 46.18 2.87
27 49.08 2.90
28 52.01 2.93
29 54.97 2.96
30 57.96 2.99
31 60.97 3.02
32 64.01 3.04
33 67.08 3.07
34 70.17 3.08
35 73.26 3.09
36 76.35 3.09
37 79.43 3.07
38 82.45 3.03
39 85.39 2.94
40 88.19 2.80
41 90.78 2.58
42 93.05 2.28
43 94.94 1.89
44 96.42 1.48
45 97.51 1 08
46 98.26 0.75
47 98.76 0.50
48 99.07 0.32
49 99.26 0.18
50* 100.00 0.74

c/p= 1.00
Carbon number %  Accumulation %  Mass

9- 0.47 0.47
10 3.32 2.85
11 6.25 2.93
12 9.23 2.98
13 12.26 3.03
14 15.33 3.07
15 18.42 3.09
16 21.53 3.11
17 24.64 3.12
18 27.76 3.12
19 30.88 3.12
20 33.99 3.11
21 37.09 3.10
22 40.18 3.09
23 43.25 3.07
24 46.31 3.06
25 49.34 3.04
26 52.36 3.02
27 55.35 2.99
28 58.32 2.97
29 61.26 2.94
30 64.16 2.90
31 67.02 2.86
32 69.82 2.81
33 72.57 2.75
34 75.25 2.68
35 77.85 2.60
36 80.36 2.51
37 82.76 2.40
38 85.05 2.29
39 87.21 2.16
40 89.22 2.02
41 91.09 1.87
42 92.80 1.71
43 94.34 1.54
44 95.71 1.37
45 96.91 1.19
46 97.91 1.01
47 98.73 0.82
48 99.35 0.62
49 99.77 0.42
50* 100.00 0.23
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B.6 Effect of amount of sulfate loaded on zirconia on pyrolysis products
Table B23 P y ro ly sed  p ro d u c t y ie ld  o f  co m m erc ia l p p  film  w ith  an d  w ith o u t ca ta ly s t
( S 0 427 Z r 0 2)

Product (% wt)
N o. R esidue Gas Liquid

W ithout catalyst 1 0 .0 0 5 0 .2 9 49.71
+  0%  sulfate 1 0 .00 4 4 .9 8 55 .02

2 0 .00 4 0 .3 2 59 .69
A verage 0 .0 0 4 2 .6 5 57 .35

+  2%  sulfate 1 0 .0 0 40 .63 59 .37
2 0 .00 3 9 .3 0 6 0 .7 0
A verage 0 .00 3 9 .9 6 6 0 .0 4

+  4%  sulfate 1 0 .00 4 1 .9 0 5 8 .1 0
2 0 .0 0 40.21 5 9 .79
A verage 0 .0 0 41 .05 58 .95

+ 6%  sulfate 1 0 .00 3 5 .4 8 64 .52
2 0 .00 3 7 .4 8 6 2 .5 2
A verage 0 .0 0 36 .48 63 .52

+  8%  sulfate 1 0 .0 0 4 2 .5 8 57 .42
2 0 .0 0 3 6 .5 8 6 3 .4 2
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Table B24 Pyrolysed gas product of commercial pp film with and without catalyst (SC>427Zr02)
M ethane E thylene Ethane P ropylene Propane c 4 c 5 c 6

W ithout % M ass 0 87 19 0 .1 8 4 7 0 3 .4 56 82 2 3 .1 2 3 1 9 1.81261 6 .8 4 0 0 3 4 .6 3 0 6 7 28 .86 47 3
catalyst Std 0 .0 20 63 0 .0 0 3 3 6 0 .0 51 32 0 .3 5 0 4 6 0.01231 0 .2 1 0 3 4 0 .3 2 1 2 2 0 .7 84 95
+  0 % % M ass 1.13743 0 .19771 3 .6 58 07 22 .34 68 3 2 .1 8 9 8 9 6 .8 8 4 1 4 3 5 .0 8 8 7 0 2 8 .49723
sulfate Std 0 .0 17 70 0 .0 0 4 1 2 0 .0 67 32 0 .4 5 2 6 0 0 .0 38 87 0 .2 6 2 5 8 0 .5 3 8 6 2 1.11813
+  2% % M ass 1.14068 0 .2 30 23 3.71431 2 1 .5 8 4 8 6 2 .69613 7 .5 14 53 3 4 .7 0 8 9 7 2 8 .41 02 8
sulfate Std 0 .0 1 4 6 9 0 .0 04 65 0 .0 51 32 0 .3 12 98 0 .0 3 3 4 0 0 .2 3 1 2 9 0 .3 1 0 7 6 0.72281
+  4 % % M ass 1.07374 0 .2 5 0 2 8 3 .4 75 78 2 0 .3 1 7 0 9 2 .6 47 52 9 .9 4 4 0 4 34 .79681 2 7 .49 47 4
sulfate Std 0 .0 16 33 0 .0 03 55 0.05551 0 .3 56 34 0 .0 45 68 0 .19801 0 .4 5 4 8 4 0 .87283
+ 6 % % M ass 1 .03730 0 .2 26 13 3 .34908 2 0 .34 23 8 2 .25251 9 .4 1 9 8 7 3 5 .1 3 4 8 6 2 8 .23 78 6
sulfate Std 0 .0 14 72 0 .0 0 4 8 0 0 .0 51 57 0 .3 0 2 3 6 0 .0 2 3 9 6 0 .2 3 4 3 6 0 .4 1 0 7 7 0 .8 18 66
+  8 % % M ass 1.00991 0 .2 6 9 4 8 3 .0 97 30 17 .45859 2 .8 1 2 2 7 1 2 .32246 3 5 .53 22 3 2 7 .49 77 7

M ethane E thylene Ethane Propylene Propane c 4 c 5 c 6
W ithout % V olum e 3.95161 0 .3 8 3 9 0 6 .7 03 54 3 2 .0 4 2 0 9 2 .3 9 7 0 0 6 .9 9 8 5 0 2 7 .9 8 8 9 5 19.53441
catalyst Std 0 .0 5 5 1 9 0 .0 0 5 0 6 0 .0 66 24 0 .3 25 73 0 .0 0 5 1 7 0 .1 81 23 0 .1 2 0 8 6 0 .6 08 86
+ 0% % V olum e 4 .1 24 23 0.40981 7 .0 78 04 30 .88003 2 .8 92 75 7 .0 2 3 8 7 28 .32021 19.27107
sulfate Std 0 .0 38 94 0 .0 05 84 0 .0 84 69 0 .4 2 3 7 6 0 .0 33 96 0 .22151 0 .2 5 8 5 4 0 .8 5 0 7 6
+ 2% % V olum e 4 .1 34 62 0 .4 77 15 7 .1 83 30 29 .83 00 3 3 .55471 7 .6 66 63 2 7 .9 7 6 2 4 19.17732
sulfate Std 0 .0 37 13 0 .0 0 7 3 2 0 .06613 0 .2 9 4 8 8 0 .0 2 6 8 9 0 .1 99 93 0 .1 55 13 0 .5 55 55
+  4 % % V olum e 3 .9 1 2 4 6 0 .5 21 52 6 .75693 28.23161 3 .5 07 25 1 0 .20932 2 8 .2 0 0 1 9 18.66073
sulfate Std 0.04121 0 .0 0 5 3 9 0 .0 73 20 0 .3 5 0 2 7 0 .0 4 3 8 0 0 .1 5 8 0 2 0 .2 3 9 8 8 0 .6 70 64
+  6 % % V olum e 3 .8 06 17 0 .4 7 4 5 2 6 .5 55 77 2 8 .45 56 9 3 .0 07 62 9 .7 3 5 2 2 2 8 .6 6 8 9 9 19.29601
sulfate Std 0 .03863 0 .0 0 7 9 2 0 .06893 0 .2 8 5 2 0 0 .0 1 8 2 9 0.20202 0 .2 0 2 5 6 0 .6 29 25
+  8 % % V olum e 3 .7 36 44 0 .5 6 9 7 9 6 .1 14 40 2 4 .66 25 8 3 .7 76 98 12 .87618 2 9 .2 7 8 2 2 18.98540
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Table B25 %  O ff  and  b o ilin g  p o in t o f  p y ro ly sed  liqu id  p ro d u c t o f  co m m e rc ia l p p  film  
w ith  an d  w ith o u t c a ta ly s t ( S 0 427 Z r0 2 )
0%  su lfa te

% O FF B .P .(°C ) % OFF B .P .(°C ) % O FF B .P .(°C )
0 139.4 34 4 1 5 .0 68 4 9 9 .8
1 185.8 35 416 .8 69 500 .8
2 191.7 36 419 .7 70 5 0 2 .2
3 205 .4 37 4 2 2 .6 71 5 0 3 .0
4 2 2 9 .0 38 429 .9 72 504 .3
5 235 .7 39 433 .3 73 505 .4
6 236 .5 40 436 .2 74 5 0 6 .9
7 237 .8 41 437 .4 75 510 .5
8 239 .3 42 440.1 76 5 1 2 .9
9 2 4 2 .9 43 442 .4 77 514 .5
10 255 .8 44 448 .7 78 5 1 6 .2
11 274 .3 45 452 .2 79 5 1 7 .6
12 2 7 9 .0 46 4 5 4 .0 80 5 1 9 .4
13 286.1 47 455 .8 81 5 2 0 .9
14 301 .7 48 457 .3 82 522 .7
15 308 .0 49 4 5 9 .0 83 525.1
16 311 .6 50 4 6 1 .0 84 5 2 6 .6
17 313 .8 51 466 .2 85 5 2 7 .6
18 318 .4 52 469 .3 86 529.1
19 334 .0 53 4 7 0 .7 87 529 .8
20 340 .0 54 472 .8 88 531 .4
21 344 .3 55 473 .6 89 532 .5
22 349 .7 56 475 .6 90 5 3 5 .4
23 362 .5 57 476 .4 91 5 3 8 .2
24 366 .9 58 479 .6 92 539 .8
25 370 .3 59 483.1 93 542.1
26 374 .0 60 485 .5 94 5 4 3 .7
27 379 .8 61 486 .5 95 545 .6
28 389 .5 62 488 .4 96 5 4 8 .6
29 393.1 63 489.1 97 553 .3
30 395 .4 64 491.1 98 556 .8
31 398 .2 65 492 .2 99 5 5 9 .7
32 4 0 5 .9 66 494 .7 100 5 6 1 .0
33 412.1 67 498.1
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2% sulfate
% O FF B .P .(°C ) % OFF B .P .(°C ) % OFF B .P .(°C )

0 135.8 34 4 1 1 .9 68 4 9 8 .4
1 174.9 35 4 1 4 .6 69 500 .3
2 191.0 36 416 .8 70 501.1
3 199.9 37 419 .6 71 502 .7
4 222 .3 38 421 .2 72 503 .7
5 235 .6 39 427 .2 73 505 .2
6 236 .6 40 432 .2 74 505 .9
7 2 3 8 .9 41 434 .4 75 508 .7
8 240.1 42 4 3 6 .9 76 5 1 1 .9
9 254 .3 43 4 4 0 .4 77 514.1
10 274 .2 44 4 4 3 .6 78 515 .4
11 2 7 9 .0 45 4 4 9 .2 79 517 .4
12 286 .2 46 452 .3 80 519 .2
13 301 .0 47 4 5 4 .2 81 5 2 0 .9
14 307 .9 48 4 5 5 .9 82 522 .5
15 311 .5 49 4 5 7 .6 83 524 .4
16 313 .5 50 4 5 9 .2 84 526 .3
17 3 1 7 .9 51 4 6 0 .7 85 527 .5
18 3 2 8 .6 52 465 .0 86 529.1
19 338 .2 53 468 .6 87 530 .0
20 342 .6 54 470 .4 88 531 .5
21 347 .3 55 472 .4 89 532 .8
22 351 .7 56 473 .5 90 536.1
23 362 .7 57 475 .5 91 539 .0
24 366 .6 58 476 .2 92 540 .9
25 370.1 59 478 .3 93 542 .9
26 373 .8 60 482 .6 94 545 .5
27 376 .7 61 485 .0 95 547 .8
28 386.1 62 486 .3 96 552 .7
29 390 .5 63 488 .4 97 556 .4
30 394 .0 64 489 .5 98 559 .4
31 397 .2 65 4 9 1 .6 99 561 .0
32 398 .8 66 492 .5 100
33 406 .2 67 495 .3
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6% sulfate
% O FF B .P .(°C ) % OFF B .P .(°C ) % OFF B .P .(°C )

0 135.2 34 386 .5 68 485 .2
1 168.2 35 390 .5 69 4 8 6 .8
2 187.8 36 394 .3 70 4 8 8 .8
3 191.8 37 397 .8 71 4 9 0 .8
4 2 0 5 .0 38 399 .8 72 4 9 2 .0
5 218 .8 39 405.1 73 4 9 3 .8
6 2 3 0 .6 40 4 1 0 .7 74 4 9 6 .9
7 2 3 5 .7 41 413 .8 75 4 9 9 .2
8 2 3 6 .6 42 416 .8 76 500 .8
9 238 .9 43 4 1 9 .6 77 5 0 2 .6
10 239 .7 44 421 .2 78 504 .2
11 248 .5 45 4 2 5 .4 79 505 .4
12 259 .2 46 4 3 0 .6 80 507.1
13 270 .4 47 433 .5 81 510 .6
14 276 .2 48 436 .5 82 513 .4
15 281 .5 49 439 .2 83 515 .7
16 288.1 50 4 4 0 .4 84 518 .2
17 298 .2 51 4 4 2 .9 85 520 .7
18 306 .6 52 4 4 7 .4 86 522 .5
19 309 .3 53 4 5 1 .0 87 524 .6
20 312 .2 54 453 .3 88 526 .8
21 316 .6 55 455 .7 89 528 .6
22 321.3 56 4 5 7 .9 90 530 .3
23 330 .5 57 459 .2 91 531 .7
24 337 .8 58 460 .8 92 534 .0
25 342 .0 59 4 6 4 .2 93 537 .7
26 347 .0 60 4 6 8 .0 94 5 4 0 .0
27 350 .6 61 470.1 95 542 .8
28 358 .4 62 472 .3 96 545 .7
29 364 .9 63 474.1 97 549 .0
30 368 .3 64 475 .8 98 553 .5
31 371 .7 65 476 .7 99 557 .8
32 374 .3 66 479 .3 100 560 .5
33 379 .2 67 482 .8
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8% sulfate
% O FF B .P .(°C ) % OFF B .P .(°C ) % OFF B .P .(°C )

0 135.0 34 387 .7 68 487 .3
1 152.0 35 391 .9 69 4 8 9 .0
2 177.0 36 395 .4 70 4 9 1 .0
3 189.3 37 398 .8 71 4 9 3 .0
4 193.4 38 4 0 3 .6 72 4 9 5 .9
5 202 .4 39 408 .8 73 4 9 7 .9
6 215 .8 40 4 1 2 .6 74 4 9 9 .7
7 2 2 7 .2 41 415 .8 75 501 .3
8 232 .4 42 418 .7 76 502 .9
9 2 3 5 .7 43 4 2 1 .6 77 504 .5
10 2 3 7 .4 44 425 .7 78 506.1
11 239 .3 45 4 3 0 .0 79 508 .6
12 244 .5 46 433 .3 80 511 .4
13 2 5 2 .4 47 436.1 81 513 .9
14 264 .4 48 438 .6 82 515 .9
15 2 7 3 .7 49 440 .9 83 518.1
16 278 .9 50 444 .2 84 520 .6
17 285 .5 51 447 .9 85 522 .8
18 294 .2 52 451.1 86 524 .6
19 303 .5 53 453 .5 87 526 .5
20 308.1 54 455 .6 88 528 .2
21 3 1 1 .9 55 4 5 7 .6 89 529 .8
22 316 .3 56 459 .5 90 531 .4
23 322 .8 57 462.1 91 533 .5
24 3 3 2 .0 58 465 .2 92 536 .5
25 338 .5 59 468.1 93 539 .3
26 343 .6 60 470 .2 94 541 .8
27 348 .6 61 472 .3 95 544 .5
28 355 .8 62 4 7 4 .0 96 547 .2
29 363.1 63 475 .8 97 550 .9
30 367 .6 64 477 .8 98 555 .0
31 371 .3 65 480 .4 99 558 .8
32 375 .5 66 483.1 100 560 .8
33 381 .5 67 485 .4
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Table B26 Fitted equation and parameters of pyrolysed liquid product of commercial
pp film with and without catalyst (S0 4 2 '/Zr0 2 )

y - y °  +  t , . >
[1 +  e b Y

Parameter V alue ?

พ / 0  catalyst a 1.34E +02 0 .9 98 4
b 1.37E+01
c 4 .9 6E -0 2

Xo 5 .3 9E + 02
yo -3 .31E + 01

+  0%  sulfate a 1 .02E + 02 0 .9 98 6
b 7 .1 8 E + 0 0
c 5 .4 7E -0 2

Xo 5 .4 8E + 02
yo -2 .4 6 E + 0 0

+  2%  sulfate a 1.05E +02 0 0 .99 95
b 9 .3 9 E + 0 0
c 6 .8 3E -0 2

Xo 5 .47E + 02
yo -4 .5 9 E + 0 0

+  4%  sulfate a 1.09E +02 0 .9993
b 1.15E+01
c 7 .3 0E -0 2

Xo 5 .4 4E + 02
yo -8 .5 1 E + 0 0

+  6%  sulfate a 1.12E +02 0 .9993
b 1.09E+01
c 6 .2 2E -0 2

Xo 5 .46E + 02
yo -1 .08E +01

+  8%  sulfate a 1.09E +02 0 .9 98 8
b 8 .79E + 00
c 5 .1 2E -0 2

Xo 5 .48E + 02
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Table B27 % Accumulation and % Mass of pyrolysed liquid product of commercial pp film
with and without catalyst (S 0 427Zr02)
+ 0% sulfate

Carbon num ber % A ccum ulation % M ass
6- 0.21 0.21
7 0 .86 0.65
8 1.60 0.75
9 2 .46 0 .86
10 3.43 0.97
11 4 .50 1.08
12 5 .69 1.19
13 7 .00 1.30
14 8.41 1.42
15 9 .94 1.53
16 11.57 1.63
17 13.31 1.74
18 15.16 1.85
19 17.11 1.95
20 19.16 2.05
21 21.31 2.15
22 2 3 .5 7 2.25
23 25 .92 2 .36
24 28 .38 2.46
25 30 .94 2 .56
26 33.61 2 .67
27 36 .39 2.78
28 39 .29 2 .89
29 4 2 .2 9 3.01
30 45 .42 3.12
31 4 8 .6 6 3 .24
32 52 .02 3.36
33 55 .49 3.47
34 59 .08 3.59
35 6 2 .7 7 3.69
36 66 .55 3.78
37 7 0 .40 3.85
38 7 4 .30 3 .90
39 7 8 .22 3.91
40 82 .08 3.86
41 8 5 .79 3.72
42 8 9 .22 3.43
43 9 2 .19 2.97
44 94 .55 2 .36
45 9 6 .2 6 1.71
46 9 7 .40 1.14
47 98.11 0.71
48 98 .53 0.42
49 9 8 .7 6 0.23

Lfi © + 100 .00 1.24

+ 2% sulfate
Carbon num ber % A ccum ulation % M ass

8- 0.31 0.31
9 1.29 0 .98
10 2 .39 1.10
11 3 .60 1.21
12 4.93 1.33
13 6 .37 1.44
14 7.93 1.56
15 9 .60 1.67
16 11.38 1.78
17 13.27 1.88
18 15.25 1.99
19 17.34 2 .09
20 19.53 2 .19
21 21.81 2.28
22 2 4 .1 9 2.38
23 2 6 .6 7 2 .48
24 2 9 .2 4 2 .58
25 31 .92 2 .68
26 34 .70 2 .78
27 3 7 .5 8 2 .88
28 4 0 .5 7 2 .99
29 4 3 .6 6 3 .10
30 46 .87 3.21
31 50 .18 3 .32
32 53.61 3.43
33 57 .14 3.53
34 60 .77 3.63
35 6 4 .5 0 3.73
36 6 8 .3 0 3 .80
37 7 2 .1 6 3.85
38 76 .03 3 .87
39 79 .86 3.83
40 83 .57 3.71
41 87 .04 3.48
42 90 .15 3.11
43 9 2 .7 8 2 .62
44 94 .85 2 .07
45 9 6 .3 9 1.54
46 9 7 .4 6 1.08
47 9 8 .1 8 0 .72
48 9 8 .6 4 0 .46
49 98.91 0 .27
50 + 100.00 1.09
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+ 6% sulfate + 8% sulfate
Carbon num ber % A ccum ulation % M ass Carbon num ber % A ccum ulation % M ass

9- 0 .92 0 .92 8' 1.03 1.03
10 2 .60 1.68 9 2 .47 1.45
11 4 .39 1.79 10 4 .04 1.56
12 6 .29 1.90 11 5.71 1.67
13 8 .29 2 .00 12 7 .49 1.78
14 10.39 2 .09 13 9 .3 7 1.88
15 12.57 2 .18 14 11.35 1.97
16 14.83 2 .26 15 13.41 2 .06
17 17.17 2 .34 16 15.55 2 .14
18 19.58 2.41 17 17.77 2.22
19 22 .05 2 .47 18 2 0 .0 6 2 .29
20 2 4 .5 9 2 .54 19 22 .42 2.36
21 2 7 .1 9 2 .60 20 24 .84 2 .42
22 29 .85 2 .66 21 27 .33 2 .48
23 3 2 .5 6 2 .72 22 2 9 .8 7 2.55
24 35 .34 2 .77 23 32 .48 2.61
25 38 .17 2.83 24 35 .14 2 .67
26 4 1 .0 6 2 .89 25 37 .87 2.73
27 44 .02 2 .96 26 4 0 .6 6 2 .79
28 47 .04 3.02 27 43.51 2.85
29 50 .12 3.08 28 46 .43 2.92
30 53 .27 3.15 29 49.41 2 .98
31 56 .48 3.21 30 52 .46 3.05
32 59 .75 3.27 31 55 .57 3.11
33 63 .08 3.33 32 58 .75 3 .18
34 6 6 .4 6 3.38 33 6 1 .9 9 3.24
35 69 .88 3.42 34 65 .28 3 .29
36 73 .32 3 .44 35 68 .62 3.34
37 76 .75 3.44 36 7 2 .0 0 3.38
38 80 .15 3.40 37 75 .39 3.39
39 83 .45 3.30 38 78 .77 3.38
40 86 .58 3.13 39 82 .10 3.33
41 89 .45 2.87 40 85.33 3.22
42 91 .98 2.53 41 88 .36 3.03
43 9 4 .0 9 2.11 42 9 1 .1 0 2.74
44 9 5 .7 6 1.67 43 93 .43 2 .34
45 97 .02 1.26 44 9 5 .3 0 1.87
46 97 .93 0.91 45 9 6 .7 0 1.40
47 9 8 .5 6 0.63 46 97 .68 0.98
48 98 .97 0.41 47 98 .33 0.65
49 99 .22 0.25 48 98 .75 0.41
5 0 + 100.00 0.78 49 9 8 .9 9 0 .24

5 0 + 100.00 1.01
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Table B28 P y ro ly sed  liq u id  p ro d u c t frac tio n s  fro m  p y ro ly s is  o f  v irg in  p p  p e lle ts , 
v irg in  an d  re p ro cessed  p p  film s

% M ass
G asoline K erosene G as o il F uel oil H eavy  vacuum  gas oil

V PP 3 .16 9.28 18.86 6 .35 6 2 .3 6
C O PP 8.33 11.26 19.83 6 .06 54 .52
C R 1PP 12.97 12.97 20 .69 5 .87 4 7 .5 0
C R 2PP 10.10 11.93 20.21 6.01 51 .75
C R 3PP 7.73 13.44 21 .94 6 .35 50 .54

Table B29 P y ro ly sed  liq u id  p ro d u c t frac tio n s  fro m  ca ta ly tic  p y ro ly s is  o f  
c o m m erc ia l p p  film  u sin g  S 0 4 2 7 Z r 0 2  a t v a rio u s  am o u n ts  o f  su lfa te  lo ad in g

c/p Ratio % M ass
G asoline K erosene G as oil Fuel oil H eavy vacuum  gas o il

0 .0 0 0 .0 0 10.97 21 .78 7 .0 2 60 .23
0 .1 7 0 .4 6 6.20 15.47 5.94 71 .93
0 .5 0 1.20 9.05 18.78 6 .4 0 6 4 .5 7

Table B30 P y ro ly sed  liq u id  p ro d u c t frac tio n s fro m  ca ta ly tic  p y ro ly s is  o f  
co m m erc ia l p p  film  w ith  an d  w ith o u t c a ta ly s t ( S 0 427 Z r 0 2) a t v a rio u s  am o u n ts  o f  
su lfa te  lo ad in g

% M ass
G asoline K erosene Gas oil Fuel oil H eavy vacuum  gas 

oil
w /o - 10.97 21 .78 7 .02 60 .23
0 S aZ b 2 .42 4.31 12.24 5 .10 75 .93
2SZ 1.25 4.83 13.24 5 .40 75 .28
4SZ 0 .46 6 .20 15.47 5 .94 71.93
6SZ 0.85 7.04 16.47 6 .07 6 9 .5 7
8SZ 2 .40 6 .59 15.63 5.81 6 9 .5 7

a p e rcen tag e  o f  su lfa te  load ing  
b Z irco n ia
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