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APPENDIX
Table Al Ethylene consumption using different zirconium concentrations at
Al/Zr = 100, PET = 2 bar, reaction time = 1 hr, T = 20°c.

T im e E th y le n e  c o n su m p tio n  (m l/m in )  fro m  m a ss  f lo w  m eter
(m in ) [Z r] =  10 p m o l [Zr] =  8  p m o l [Z r] =  5 p m o l

0 0 0 0

1 1 3 0 0 1 023 1 3 6 5
2 8 5 9 7 0 9 7 4 0
3 6 2 2 8 5 9 1 3 7 3
4 1 1 0 0 9 2 4 8 3 4
5 8 0 6 3 1 0 5 5 7
6 4 6 7 2 0 3 4 1 3
7 2 7 6 1 24 2 7 6
8 2 3 0 2 2 9 2 0 0

9 183 6 5 6 1 8 0
1 0 165 3 9 0 1 5 0
11 1 50 2 7 0 61
1 2 1 44 2 2 5 5 6
13 141 1 70 75
14 1 30 1 40 6 6

15 125 115 6 8

16 1 1 0 106 53
17 118 71 2 4
18 103 63 8

19 1 0 0 7 0 15
2 0 9 9 65 1 2
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T im e E th y le n e  c o n su m p tio n  (m l/m in )  fro m  m a ss  f lo w  m eter
(m in ) [Z r] =  10 p m o l [Z r] =  8 p m o l [Z r] =  5 p m o l

21 9 6 6 2 5
22 100 58 7
23 86 5 4 6
2 4 9 0 52 7
25 87 4 9 5
2 6 81 45 6

2 7 7 6 4 4 6

2 8 7 9 4 2 7
2 9 110 4 0 4
3 0 9 8 3 9 7
31 91 3 8 11

3 2 9 0 3 6 7
33 81 3 6 7
3 4 7 9 4 6 6

35 75 5 4 8

3 6 6 2 45 4
3 7 51 51 2

3 8 6 4 4 8 4
3 9 59 4 4 3
4 0 55 4 2 6
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T im e E th y le n e  c o n su m p tio n  (m l/m in )  fro m  m a ss  f lo w  m eter
(m in ) [Z r] -  10 p.m ol [Zr] =  8 p m o l [Z r] =  5 ( im o l

41 53 41 4
4 2 55 3 8 6

43 4 6 3 4 8
4 4 54 3 4 8

4 5 4 9 3 0 7
4 6 43 3 4 5
4 7 3 2 2 8 9
4 8 3 6 22 7
4 9 38 2 6 7
5 0 3 6 3 0 11

51 2 9 2 9 9
5 2 25 3 4 8

53 3 0 2 6 6

5 4 2 8 3 0 4
55 16 2 4 6

5 6 19 2 6 6

57 21 3 4 4
58 20 3 4 3
59 2 4 2 8 3
6 0 2 9 2 6 3

Y ie ld  (g ) 7 .6 6 7 .4 6 6 .0 3
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Table A2 Ethylene consumption using different Al/Zr ratios at [Zr] = 5 pmol
PET= 1.0 bar, reaction time = 1 hr, T = 20°c.

T im e E th y le n e  c o n su m p tio n  (m L /m in )  fro m  m a ss  f lo w  m eter
(m in ) A l/Z r  = 0 A l/Z r = 1 6 0 A l/Z r = 2 0 0 A l/Z r = 2 2 0 A l/Z r = 2 6 0 A l/Z r = 3 0 0

0 0 0 0 0 0 0

1 0 7 8 9 6 0 0 6 5 8 2 8 0 110

2 0 7 4 0 6 1 0 6 4 0 7 9 0 81
3 0 7 0 9 6 0 0 6 0 0 7 0 0 7 0
4 0 7 0 0 5 1 2 5 8 5 6 0 0 65
5 0 5 6 7 4 8 0 4 5 6 3 3 0 6 0
6 0 5 3 9 4 0 0 3 5 6 3 0 0 56
7 0 3 4 6 3 8 0 3 2 0 2 9 4 55
8 0 185 3 5 0 3 0 0 2 8 6 54
9 0 188 3 1 3 2 5 8 2 4 4 50
10 0 150 2 7 8 2 31 2 4 6 50
11 0 128 2 4 2 210 2 3 6 50
12 0 120 200 200 2 3 3 4 9
13 0 122 186 200 194 4 9
14 0 100 1 50 201 190 4 9
15 0 95 142 2 0 5 1 6 4 4 8
16 0 80 130 221 164 4 8
17 0 6 9 125 200 150 4 9
18 0 63 120 185 1 54 4 9
19 0 63 120 163 1 5 0 4 8
20 0 65 110 1 50 146 4 7
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T im e E th y le n e  c o n su m p tio n  (m L /m in )  fro m  m a ss  f lo w  m eter
(m in ) A l/Z r  = 0 A l/Z r = 1 6 0 A l/Z r = 2 0 0 A l/Z r = 2 2 0 A l/Z r = 2 6 0 A l/Z r = 3 0 0

21 0 65 9 0 100 100 4 7
22 0 55 85 5 0 3 0 4 7
23 0 50 8 0 4 0 13 4 7
2 4 0 4 7 7 6 10 13 4 7
2 5 0 5 0 55 9 16 4 6
2 6 0 4 2 4 0 9 15 4 6
2 7 0 4 6 3 2 8 16 4 8
2 8 0 4 9 21 7 15 4 9
2 9 0 51 20 8 16 4 7
3 0 0 4 4 9 9 11 4 7
31 0 3 8 9 5 13 4 7
3 2 0 35 9 4 12 45
33 0 33 9 6 14 45
3 4 0 3 2 9 3 13 45
35 0 3 0 9 2 12 4 6
3 6 0 3 0 8 1 12 45
3 7 0 2 8 8 1 12 41
3 8 0 3 2 8 2 12 4 0
3 9 0 31 8 3 13 4 0
4 0 0 2 9 7 4 13 4 0
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T im e E th y le n e  c o n su m p tio n  (m L /m in )  fro m  m a ss  f lo w  m eter
(m in ) A l/Z r  = 0 A l/Z r = 1 6 0 A l/Z r = 2 0 0 A l/Z r = 2 2 0 A l/Z r = 2 6 0 A l/Z r = 3 0 0

41 0 3 0 6 5 10 4 0
4 2 0 3 0 5 6 9 4 0
43 0 31 5 2 9 3 6
4 4 0 2 7 5 2 10 3 9
45 0 2 6 5 2 10 3 6
4 6 0 2 4 5 1 15 3 7
4 7 0 22 5 1 15 35
4 8 0 22 1 1 5 3 4
4 9 0 22 1 1 5 33
5 0 0 21 1 1 3 3 2
51 0 22 1 1 3 3 0
52 0 22 1 0 6 31
53 0 21 2 0 6 3 2
5 4 0 22 2 0 3 3 0
55 0 22 2 0 2 3 0
56 0 22 2 0 0 3 0
57 0 25 2 0 0 3 0
58 0 22 1 0 0 3 0
5 9 0 20 1 0 0 3 2
6 0 0 20 1 0 0 31

Y ie ld  (g ) 0 5 .5 0 9 .2 0 6 .9 0 6.20 1 .9 0
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Table A3 Ethylene consumption using different Al/Zr ratio at [Zr] = 5 pmol
PET= 0.5 bar, reaction time = 1 hr, T = 30°c.

T im e E th y le n e  c o n su m p tio n  (m L /m in )  fro m  m a ss  f lo w  m eter
(m in ) A l/Z r  = 0 A l/Z r = 1 6 0 A l/Z r = 2 0 0 A l/Z r = 2 2 0 A l/Z r = 2 6 0 A l/Z r = 3 0 0

0 0 0 0 0 0 0
1 0 8 7 0 1 1 4 8 1061 6 4 5 0
2 0 6 8 2 1100 9 5 0 7 7 6 0
3 0 6 5 0 1000 9 0 0 6 5 4 0
4 0 5 9 3 9 5 0 8 5 0 4 6 7 0

5 0 411 7 5 0 7 2 5 2 7 6 0

6 0 3 6 5 6 0 0 7 0 200 0

7 0 2 7 6 521 6 71 190 0

8 0 2 5 0 5 0 0 5 0 5 178 0

9 0 180 421 4 3 9 1 50 0

10 0 173 3 5 6 3 4 5 143 0

11 0 164 2 1 9 3 2 8 140 0

12 0 150 190 2 9 9 123 0

13 0 1 49 176 2 91 130 0

14 0 100 165 2 7 3 1 16 0

15 0 9 9 152 2 2 9 112 0

16 0 6 0 147 210 1 17 0

17 0 5 0 135 199 112 0

18 0 5 0 125 210 110 0

19 0 50 108 2 2 7 109 0

20 0 50 100 2 0 7 105 0
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T im e E th y le n e  c o n su m p tio n  (m L /m in )  fro m  m a ss  f lo w  m eter
(m in ) A l/Z r  = 0 A l/Z r = 1 6 0 A l/Z r = 2 0 0 A l/Z r = 2 2 0 A l/Z r = 2 6 0 A l/Z r = 3 0 0

21 0 5 0 9 6 200 100 0
22 0 5 0 89 159 9 8 0
23 0 41 95 143 95 0
2 4 0 4 0 82 118 91 0

25 0 10 7 9 110 91 0

2 6 0 4 86 100 91 0

2 7 0 4 80 89 9 0 0

2 8 0 4 73 85 9 0 0

2 9 0 1 6 4 52 89 0

3 0 0 1 6 0 4 5 9 5 0

31 0 1 57 43 82 0

32 0 1 4 6 41 8 0 0

33 0 1 45 4 0 80 0

3 4 0 1 43 38 7 9 0

35 0 1 43 31 7 9 0

3 6 0 1 4 0 23 5 0 0

3 7 0 1 4 0 21 50 0

38 0 1 43 20 5 0 0

3 9 0 1 41 20 41 0

4 0 0 1 41 17 41 0
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T im e E th y le n e  c o n su m p tio n  (m L /m in )  fro m  m a ss  f lo w  m eter
(m in ) A l/Z r  = 0 A l/Z r = 1 6 0 A l/Z r = 2 0 0 A l/Z r = 2 2 0 A l/Z r = 2 6 0 A l/Z r = 3 0 0

41 0 0 35 8 3 9 0
4 2 0 0 3 7 7 35 0
4 3 0 0 3 4 6 31 0
4 4 0 0 3 2 6 3 0 0
4 5 0 0 31 3 3 0 0
4 6 0 0 2 9 1 25 0
4 7 0 0 25 1 20 0
4 8 0 0 20 1 19 0

4 9 0 0 15 1 15 0

5 0 0 0 14 0 14 0

51 0 0 14 0 10 0

52 0 0 12 0 10 0

53 0 0 12 0 9 0

5 4 0 0 10 0 4 0

55 0 0 10 0 4 0

5 6 0 0 10 0 3 0

57 0 0 9 0 2 0

58 0 0 9 0 1 0

5 9 0 0 5 0 1 0

6 0 0 0 4 0 1 0

Y ie ld  (g ) 0 4 .1 0 8.00 5 .3 0 2 .8 0 0
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Table A4 Ethylene consumption using different Al/Zr ratios at [Zr] = 5 pmol
PET= 0.5 bar, reaction time = 1 hr, T = 40°c.

T im e E th y le n e  c o n su m p tio n  (m L /m in )  fro m  m a ss  f lo w  m eter
(m in ) A l/Z r  = 0 A l/Z r = 1 6 0 A l/Z r = 2 0 0 A l/Z r = 2 2 0 A l/Z r = 2 6 0 A l/Z r = 3 0 0

0 0 0 0 0 0 0
1 0 2 3 0 6 5 0 4 8 6 200 0
2 0 210 5 0 0 3 2 7 187 0
3 0 2 0 4 4 2 0 2 7 6 135 0
4 0 200 3 1 3 2 5 0 133 0

5 0 148 2 7 6 2 2 5 128 0

6 0 145 2 4 2 210 120 0

7 0 136 220 200 120 0

8 0 120 182 198 11 0

9 0 111 164 185 103 0

10 0 108 1 50 175 9 9 0

11 0 108 139 150 9 8 0

12 0 106 121 149 95 0

13 0 106 116 138 9 0 0

14 0 9 9 115 130 89 0

15 0 9 7 110 113 75 0

16 0 9 6 9 0 120 7 2 0

17 0 95 82 100 6 0 0

18 0 82 80 80 6 4 0

19 0 80 71 9 7 6 0 0

20 0 7 0 65 82 55 0
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T im e
(m in )

E th y le n e  c o n su m p tio n  (m L /m in )  fro m  m a ss  f lo w  m eter
A l/Z r  = 0 A l/Z r = 1 6 0 A l/Z r = 2 0 0 A l/Z r = 2 2 0 A l/Z r = 2 6 0 A l/Z r = 3 0 0

21 0 58 55 8 0 4 0 0
22 0 5 2 5 0 71 3 2 0
23 0 4 7 4 4 6 5 3 2 0
2 4 0 4 2 41 55 3 2 0
25 0 3 0 4 0 50 2 5 0

2 6 0 20 33 4 4 21 0
2 7 0 21 31 41 20 0

2 8 0 20 2 8 4 0 19 0

2 9 0 19 25 33 19 0

3 0 0 15 21 31 18 0

31 0 13 22 2 8 17 0

3 2 0 10 20 25 17 0

33 0 10 18 20 15 0

3 4 0 10 16 15 6 0

35 0 8 15 15 6 0

3 6 0 8 15 15 6 0

3 7 0 8 15 15 5 0

38 0 8 15 12 5 0

3 9 0 2 14 12 4 0

4 0 0 1 12 12 3 0
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T im e E th y le n e  c o n su m p tio n  (m L /m in )  fro m  m a ss  f lo w  m eter
(m in ) A l/Z r  = 0 A l/Z r = 1 6 0 A l/Z r = 2 0 0 A l/Z r = 2 2 0 A l/Z r = 2 6 0 A l/Z r = 3 0 0

41 0 1 10 10 2 0
4 2 0 1 10 9 1 0
43 0 0 9 9 1 0
4 4 0 0 0 5 1 0
4 5 0 0 0 6 1 0

4 6 0 0 0 2 1 0

4 7 0 0 0 2 0 0

4 8 0 0 0 2 0 0

4 9 0 0 0 2 0 0

50 0 0 0 2 0 0

51 0 0 0 1 0 0

52 0 0 0 1 0 0

53 0 0 0 1 0 0

54 0 0 0 0 0 0

55 0 0 0 0 0 0

5 6 0 0 0 0 0 0

57 0 0 0 0 0 0

58 0 0 0 0 0 0

59 0 0 0 0 0 0

6 0 0 0 0 0 0 0

Y ie ld  (g ) 0 2.0 6.00 4 .7 5 1 .30 0
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Table A5 Ethylene consumption using different Al/Zr ratios at [Zr] = 5 pmol
PET= 0.5 bar, reaction time = 1 hr, T = 50cc.

T im e E th y le n e  c o n su m p tio n  (m L /m in )  fro m  m a ss  f lo w  m eter
(m in ) A l/Z r  = 0 A l/Z r = 1 6 0 A l/Z r = 2 0 0 A l/Z r = 2 2 0 A l/Z r = 2 6 0 A l/Z r = 3 0 0

0 0 0 0 0 0 0
] 0 1 88 3 5 9 6 0 7 5 4 5 0
2 0 88 5 23 4 9 4 5 0 0 0
3 0 4 8 3 0 0 4 2 2 4 5 0 0
4 0 4 4 2 7 8 3 9 9 3 2 3 0

5 0 2 7 2 3 5 3 2 5 120 0

6 0 2 7 2 4 0 3 0 4 100 0

7 0 23 2 0 3 148 9 0 0

8 0 23 190 103 85 0

9 0 22 1 89 82 7 8 0

10 0 21 150 6 2 71 0

11 0 20 145 6 9 6 5 0

12 0 21 143 61 5 0 0

13 0 20 142 58 5 4 0

14 0 2 9 147 55 53 0

15 0 15 120 4 9 51 0

16 0 14 118 5 0 51 0

17 0 10 115 3 9 5 0 0

18 0 9 112 5 9 4 5 0

19 0 5 113 55 4 4 0

20 0 2 111 52 4 4 0
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T im e E th y le n e  c o n su m p tio n  (m L /m in )  fro m  m a ss  f lo w  m eter
(m in ) A l/Z r  = 0 A l/Z r = 1 6 0 A l/Z r = 2 0 0 A l/Z r = 2 2 0 A l/Z r = 2 6 0 A l/Z r = 3 0 0

21 0 1 105 5 0 21 0
22 0 0 104 5 0 20 0
23 0 0 105 5 0 20 0
2 4 0 0 101 4 9 20 0
2 5 0 0 100 4 9 20 0
2 6 0 0 118 5 0 19 0
2 7 0 0 86 55 19 0

2 8 0 0 7 9 6 0 18 0

2 9 0 0 54 50 15 0

3 0 0 0 51 4 9 13 0

31 0 0 4 0 4 8 12 0

3 2 0 0 3 7 4 7 12 0

33 0 0 43 4 7 12 0

3 4 0 0 4 0 4 5 12 0

35 0 0 35 4 0 11 0

3 6 0 0 2 8 41 10 0

3 7 0 0 2 8 3 0 10 0

3 8 0 0 2 8 25 10 0

3 9 0 0 2 7 21 10 0

4 0 0 0 25 3 10 0
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T im e E th y le n e  c o n su m p tio n  (m L /m in )  fro m  m a ss  H ow  m eter
(m in ) A l/Z r  = 0 A l/Z r = 1 6 0 A l/Z r = 2 0 0 A l/Z r = 2 2 0 A l/Z r = 2 6 0 A l/Z r = 3 0 0

41 0 0 22 3 5 0
4 2 0 0 20 2 5 0
43 0 0 21 0 5 0
4 4 0 0 22 0 5 0
4 5 0 0 21 0 5 0
4 6 0 0 18 0 5 0
4 7 0 0 21 0 2 0

4 8 0 0 20 0 1 0

4 9 0 0 23 0 1 0

50 0 0 21 0 1 0

51 0 0 22 0 1 0

52 0 0 21 0 1 0

53 0 0 18 0 1 0

54 0 0 17 0 0 0

55 0 0 16 0 0 0

5 6 0 0 14 0 0 0

57 0 0 11 0 0 0

58 0 0 10 0 0 0

5 9 0 0 8 0 0 0

6 0 0 0 3 0 0 0

Y ie ld  (g ) 0 0 .7 0 5 .2 0 4 .7 5 3 .1 0 0

I
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Table A6 Ethylene consumption using different ethylene pressures at Al/Zr =
220, reaction time = 1 h, T = 30°c.

T im e E th y le n e  c o n su m p tio n  (m l/m in )  fro m  m a ss  f lo w  m eter
(m in ) P ET =  0 .5  bar P e t  = 1 . 0  bar P e t  =  2 .0  bar

0 0 0 0

1 1 1 4 8 1 1 5 0 1 3 6 5
2 1100 9 2 8 1 135
3 9 1 7 7 5 6 8 3 4
4 8 5 0 7 4 7 5 5 7
5 4 1 8 591 4 1 3
6 3 0 0 3 3 6 2 7 6
7 3 1 2 2 5 5 200

8 3 0 0 189 180
9 2 9 7 65 150
10 2 4 9 6 4 61
11 2 1 9 41 5 6
12 190 4 0 75
13 176 35 66

14 165 3 0 6 2
15 152 2 9 53
16 147 2 9 2 4
17 135 2 9 8

18 125 2 8 15
19 108 2 6 12

20 100 2 6 7
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T im e E th y le n e  c o n su m p tio n  (m l/m in )  fro m  m a ss  f lo w  m eter
(m in ) P  E T  =  0 .5  bar P e t  = 1 . 0  bar P E T  =  2 .0  bar

21 9 6 25 6

22 89 30 5
23 95 30 6

2 4 82 3 0 6

2 5 7 9 32 6

2 6 86 32 5
2 7 80 3 4 5
2 8 73 36 5
2 9 6 4 35 5
3 0 6 0 34 6

31 57 34 6

3 2 4 6 25 6

33 45 21 4
3 4 43 15 4
35 43 15 4
3 6 4 0 14 4
3 7 4 0 12 3
3 8 43 7 2

3 9 41 4 2

4 0 41 4 2
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T im e E th y le n e  c o n su m p tio n  (m l/m in )  fro m  m a ss  f lo w  m eter
(m in ) P ET =  0 .5  bar P e t  =  1.0 bar P e t  =  2 .0  bar

41 35 4 2

4 2 37 4 4
43 3 4 0 4
4 4 3 2 0 4
4 5 31 0 3
4 6 2 9 0 0

4 7 25 0 0

4 8 20 0 0

4 9 15 0 0

50 14 0 0

51 14 0 0

52 12 0 0

53 12 0 0

5 4 10 0 0

55 10 0 0

56 10 0 0

57 9 0 0

58 9 0 0

59 5 0 0

6 0 4 0 0

Y ie ld  ( g ) 1 2 .9 2 9 .5 0 7 .5 0
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