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A. Melt Flow Index of Blended Recycled Polyethylene Resins.

Table A.l MFT ;|\ o4500¢ of Blended Recycled Polyethylenes Resins.

APPENDIX A

Sample Code MFL ;14100 9c (®/10min) | Data X SD  |% Variation
1“ ?.E 3"1

Virgin HDPE 0.06 0.06 0,07 3 0.06 0.01 9.12
Recycled HDPE {film) 0.06 0.05 0.06 3 0.06 0.01 10,19
Recycled HDPE (bottle) 2.46 2.52 2.52 3 2.50 0.03 139
Recycled LDPE 4.26 4.26 4.38 3 430 0.07 1.61
Fil 0.19 0.16 0.17 3 0.17 0,02 8.81

F2 0.16 0.16 0.15 3 0.16 0.01 3.69

F3 0.26 0.23 0.24 3 0.24 0.02 6.28

F4 0,18 0,18 0.19 3 0.18 0.01 315

F3 0.29 0.28 0.28 3 0.28 0.01 2.04

Fé 0.43 0.44 043 3 043 0,01 1.33

F7 0.28 0.29 0.29 3 0.29 0.01 2,01

F3 0.48 0.48 047 3 0.48 0.01 1.21

F9 0.48 0.47 047 £) 047 0.01 1.22

F10 0.16 0,15 0.15 3 0,15 0.01 3.77
Fl1l1 0.12 0,13 0.13 3 0.13 0.01 4.56
F12 0.19 0,19 0.18 3 0.19 0.01 3.09
F13 0.13 0.12 0.12 3 0.12 0,01 4.68
Fl4 0.17 0,18 0.18 3 0,18 0.01 3.27
F15 0.34 0.30 0.32 3 032 0.02 6.25

F 16 0.21 0.19 0.20 3 0.20 0.01 . 5,00

F 17 0,33 0.30 0.31 3 0.31 0.02 4.88
F18 . 0.31 0.29 0.30 3 0.30 0.01 3133
F19 0.06 0.07 0.07 3 0.07 0.01 8.66
F20 0.06 0.07 0.07 3 0.07 0,01 8.66
F2l 0.13 0.14 0.14 -3 0,14 0.01 4,22
F22 0.09 0.07 0.08 3 0.08 0.0t 12,50
F23 0.15 0.16 0.16 3 0.16 0.01 3.69
F24 0.22 0.20 0.21 3 0.21 0.01 4.76
F25 0.04 0.05 0.05 3 0.05 0.01 12,37

F 26 0.18 0.19 0.19 3 0.1% 0.01 3.09
F27 0.19 0.18 0,18 3 0.18 0.01 3.15




Table A.2 MFI 5, 0. of Blended Recycled Polyethylenes Resins
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Sample Code MFI ¢, 1190 ¢ (8/10 min) Data X SD  |% Variation
o 2nd 3H"’""

Virgin HDPE 026 | 028 0.26 3 027 | 001 4.33
Recycled HDPE (film) | 0.15 014 | 013 3 0.14 0.01 7.14
Recycled HDPE (bottle) | 13,14 | 13.26 | 13.26 3 1322 | 007 0.52
Recycled LDPE 1842 | 1854 | 1848 3 1848 | 0.06 0.32
F1 082 | 082 | 081 3 082 | 001 0.71
F2 079 | 078 0.78 3 0,78 0.01 0.74
F3 1.11 1.07 1.09 3 1.09 0.02 1.83
F4 0.83 084 | 084 3 084 | 001 0.69
FS 1.33 1.34 1,34 3 134 | 001 0.43
F6 2.15 2.13 2.12 3 2,13 0.02 0.72
F7 1.21 1.21 1.20 3 121 0.01 0,48
'F8 200 | 218 2.16 3 2,15 0.04 1.94
F9 208 | 208 2,06 3 207 | 0.0l 0.56
F10 054 | 036 | 0.55 3 0.55 0.01 1.82
Fll 056 | 039 | 057 3 0.57 0.02 2.66
F12 087 | 090 | 089 3 0.89 0.02 1.72
F13 057 | 036 | 036 3 0.56 0,01 1,02
Fl4 088 | 087 | 087 3 0,87 0.01 0.66
F15 139 1.40 1.40 3 140 | 0.01 0.41
F16 0.88 092 | 091 3 050 | 002 2.30
F17 1.33 137. | 134 3 1.35 0.02 1,55
F 18 1.39 1.40 140 3 140 ~|- 0.01 0.41
F19 040 | 039 | 039 3 039 | o0m 147
F 20 037 | 0397 039 3 0.38 0,01 3,01
F21 0.60 | 061 0.60 3 0.60 | 001 0,96
F22 0.35 035 0.34 3 0.35 0.01 1.67
F23 0.62 058 | 0.9 3 0.60 | 002 3.49
F 24 0.91 0.96 | 09s 3 094 | 003 2.81
F 25 0.60 | 0.61 0.60 3 0.60 | 001 0.96
F 26 0.91 097 | 096 3 0.95 0.03 3.40
F27 092 | 097 | 095 3 0.95 0.03 2.66




APPENDIX B

B. Analysis of Varlance (ANOVA) Table of Melt Flow Index.

B.1 One-way ANOVA Table of MFL, g goc-

ANOVA Table B.l for MFI 2.16 by Virgin HDEE

Analysls of Variancas

Source Sum of Sguares Df Mean Sguare F-Ratio P-Value
Between groups .238792 1 .0341131 5.26 . 1lé
Within groups .129733 20 00648667

Total (Corr.) . 368525 27

The StatAdvisor

The ANOVA table decomposes the variance of MFI 2.16 into two
componants: a between-group component and a within-group compenent.
The F-ratie, which in this case equals 5.25896, is a ratic of the
between~group estimate to the within-group estimate. Since the
pP=value of the F-test is less than .05, there is a statistically
significant difference between the mean MFI 2.16 from one level of
Virgin HDPE to another at tha 95,0% confidence level, To datermine
which means are significantly different from which others, selsect
Multiple Range Tests from the list of Tabular Opticns.

ANOVA Table B.2 for MFI 2,16 by Recycled HDPE film

Analysis of Variance

o et D . O e S B e o e kA A S A D - S 0 T

Source Sum of Squares Df Mean Square F-Ratio P-Valus
Betwaen groups . 000451852 2 ,000225926 . 2 L9844
Within groups .345511 24 0143963

Total {(Corr.) . 345963 26

The StatAdvisor

The ANOVA table decomposes the variance of MFI 2.16 into two
components: a between-group component and a within-group compcnent.
The F-ratio, which in this case equals .0156933, is a ratic of the
between-group estimate to the within-group estimate. Since the
P-value of the F~test ils greater than or egual to .05, there is not a
statistically significant difference between the mean MFI 2.16 from
one levael of Recycled HDPE film to another at the 95.0% confidence
level.



ANOVA Table B.3 for MFI 2.16 by Recycled HDEE bottle

Analysis of Variance
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Source Sum of Squares Df Mean Squarae F-Ratio P-Valuae
Betwaen groups 177886 2 .08B9481 12.70 2
Within groups .168067 24 . 00700278
Total {(Corr.) .345963 26
The StatAdvisor

The ANOVA table decomposes the variance of MFI 2.16 into two
components: a between-group component and a within-group component.
The F-ratlo, which in this case equals 12.7018, is a ratio of the
batween~group estimate to the within-group estimate. Since the
P-value of the F-test is less than .05, thare is a statistically
significant differsnca betwean the mean MFI 2.16 from one level of
Recycled HDPE bottle to another at the 95.0% confidence level. To
determine which means ars significantly different from which others,
select Multiple Range Tests from the list of Tabular Options.
ANOVA Table B,4 for MFI 2.16 by Recycled LDPE

Analysis of Varlance

Source Sum of Squares Df Mean Square F~Ratio P-Value
Betwean groups .133519 2 0667593 7.54 . 29
Within groups .212444 24 .00885185
Total (Corr.) . 345963 26

The StatAdvisor

The ANOVA table decomposes the variances of MFIL 2,16 into two
components: a between-group component and a within-group component.
The F-ratio, which in this case equals 7.54184, is a ratio of the
batween-group estimate to the within-group estimate. Since the
p-value of the F-test i3 less than .05, there is a statistically
significant difference between the mean MFI 2.16 from one level of
Recycled LDPE to another at the 95.0% confidence level. . To determine
which means are significantly different from which cothers, selest
Multiple Range Tests from the list of Tabular Options.



ANOVA Table B.5 for MFI 5 by Virg
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B.2 One-way ANOVA Table of MFI ;, ;y0c.

in HDPE

Analysis of Variance

Source Sum of Sguares
Betwean groups 4.78188
Within groups 2.46024
Total (Corr.) 7.24212

The StatAdvisor

-y 7 b

The ANOVA table decomposes the

Df Mean Sguare F-Ratlo P=Value
7 . .'683126 5.55 .12
20 .123012

27

variance of MFI 5 into two

components: a betweenh-group component and a within=group component.
The F-ratio, which in this case equals 5.55332, is a ratioc of the
betwean-group estimate tc the within-group estimate. Since the

p~value of the F-test is leas tha

n .05, there is a statistically

significant difference between the mean MFI 5 from one level of Virgin

HDPE to another at the 85.0% conf
means are significantly different
Range Tests from the list of Tabu

idence level. To determins which
from which others, select Multiple
lar Cpticns.

ANOVA Table B.6 for MFI 5 by Recycled HDPE film

Analy
souren | T] Swmicrli
Between growps 00182963
Within groups 6.74298
Toral (Goret| 11 1 e.assd

The StatAdvisor

The ANOVA table decomposes the
componants: a between-group compo
The F-ratio, which in this case e
betwaen-group estimate to the wit
p-value of the F-test is greater
statistically significant differe

sis of Variance

" 0E Mesn sauare  Fmatio  B-Value

T Toeoswes .o .o%e7
24 .280957

..... ;;__------_-----__------_----____---__u

variance of MFI 5 into two

nent and a within-group component.
quals 00325606, is a ratio of the
hin-group estimate. Since the

than or equal to .05, there is not a
nce between the mean MFI 5 from cne

level of Recycled HDPE film to another at the 95.0% confidence level.



ANOVA Table B.7 for MFI 5 by Recycled HDPE bottle

Batwaeen groups
Within groups

Rnalysis of variance

3.749%
2,994891

106

Total {(Corr.)

The StatAdvisor

6.74481

24 .124788
26

The ANOVA table decomposses the variance of MFI 5 into two

components: a batwean-group component and a within-group component.
The F-ratio, which in this case equals 15,0251, is a ratio of the
Since the

between-group estimate to the within-group estimata.
p-value of the F-test is less than .05, there is a statistically
significant difference between the mean MFI 5 from one level of
Recycled HDPE bottle to ancthar at the 95,08 confidence lavel.

determine which means are significantly different from which others,

select Multiple Range Tests from the list of Tapular Options.

ANOVA Table B.g for MFI 5 by Recycled LDPE

Analysis of Varlance

Betwaen groups
Within groups

2.49872

4.24609

Total (Corr.)

The StatAdvisor

- - 8

6.74481

2 1.24538
24 17692
26

Tha ANOVA table decomposes the variance of MFI 5 into two

components: a between-group component and a within-group component.

The F-ratic, which in this case equals 7.0617, 13 a ratic of the
batween-group estimate to the within-group estimate.

Since the
P=value of the F-test is less than .05, there is a statistically

significant difference batweean the mean MFI 5 from one level of

Recycled LDPE te another at the 95,0% confidence lavel.
which means are significantly different from which others, select
Multiple Range Tests from the list of Tabular Options.

To determine



APPENDIX C

C. Film Properties of Blended Recycled Polyethylenes Films,

Table C.1 Stress at Break of Machine Direction (MD),

Sample Stress at braak of machine direotion (MPs) Data X 8D |% Variation

s od ™ 3 3
Code 1 2 3 4 5

Virgin HDPE| 44.34 | 44,09 | 39.84 | 42.97 | 39.43
F1 32.61 | 31.53 | 31.56 | 25.38 [ 29.78
F2 3226 | 36.93 | 4032 | 31.89 | 37.50
F3 34.92 | 3273 | 3082 | 32.85 | 34.29
F4 2899 | 2449 | 2642 | 29.88 { 29.59
FS$ 26.74 | 26.08 | 26.66 | 2618 | -
F6 23.03 | 2096 | 1533 | 21.06 | 19.42
F7 2231 | 2426 | 23.40 | 27.39 | 24.03

"F8 20,14 | 2427 | 2347 | 1914 | -
F9 2049 | 2072 | 21.84 | 2085 | -
F10 | 31,66 | 34.77 | 3426 | 3241 | -
Fl1 3742 { 39.94 | 3526 | 41.05 { 41.20
F12 38.15 | 37.55 | 4341 | 4534 | 42.89
F13 | 33.89 | 34.16 | 3734 | 37.35 | 2834
F14 | 3277 | 3418 { 24.56 | 30.90 | 27.68
F15 3510 | 27.64 { 30.68 | 30.06 | 33.41
Fi6 | 2763 ] 2077 | 3149 | 2747 | -
F17 | 1986 | 2831 | 2374 | 2783 | -
F18 | 2433 [ 2391 | 25.77 | 21.84 | 21.44
F19 | 44,79 { 39.17 | 47.18 | 4044 | 43.14
F20 |39.09 | 4570 | 38.40 | 4021 | 47.22
F2l 34,38 | 3349 | 3645 | 3731 | 31.48
F22 | 4280 | 4684 | 3325 | 4682 | 4128
F23 | 3726 | 33.72 | 37.61 | 31.72 | 32.50
F24 | 4385 | 37.58 | 34.84 | 36.85 | 33.01
F25 40.69 | 41.50 | 42.11 | 47,91 | 29,59
F26 | 3342 | 3582 [ 3248 | 31.68 | 35.10
F27 | 2539 | 2098 | 31.81 | 30.67 | 20.56

213 | 234 | 536
3027 | 330 | 1090
3578 | 362 | 1002
3312 | 159 | 480
2787 | 233 | 837
2642 | 033 | 126
1996 | 289 | 1447
2428 | 19 | 781
2176 | 250 | 1148
2098 | 060 | 234
1328 | 148 | 444
3897 | 257 | 659
4147 | 343 | 828
3422 | 3.6 | 1076
3002 | 39 | 1300
3138 | 292 | 91
2684 | 445 | 1659
2494 | 396 | 1587
2346 | 180 | 769
429 | 324 | 754
4212|405 | 961
U6 | 233 | 674
4220 | 557 | 1320
3456 | 272 | 787
3723 | 411 | 1104
4036 | 666 | 1650
3370 | 174 | 516
2588 | s26 | 2032

uuuuuuuuu\uhhuuuumhh.&uuhuuuuu




Table C.2 Stress at Break of Transverse Dircelion (TD).
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Sample | Stress at break of transverse direction (MPa) | Data X SD  |% Variation|
Code 2] &S
Virgin HDPE{ 32,58 | 34.88 | 34.29 | 3671 | 37.57 | 5 35.21 1.98 5.63
F1 26,66 | 25.68 | 26.94 | 25,74 | 24.01 5 25.81 115 444
F2 2590 | 24.86 | 25.56 | 2225 | 2136 | S 2399 | 2.05 8.55
F3 2122 | 19.40 | 1685 | 2083 | 2258 | 5 2018 | 2.18 10.79
F4 19.60 | 23.29 | 20.52 | 21.99 | 2228 | 5 21.54 | 147 6.82
F$ 20.18 | 20.60 | 18.56 | 2074 | 19.11 s 1984 | 096 483
Fé 18.10 | 17,29 | 1555 | 1795 | 1984 [ 5 17.75 1.55 8.72
F7 2647 | 26.53 | 2780 | 26,53 | 2708 | S 2688 | 057 2.12
F8 20,68 | 2282 | 2048 | 17.01 | 1976 | 5 2015 | 2,09 10.39
F9 1438 | 1419 | 13.73 | 1623 | 1606 | 5 1492 | 115 7.68
F 10 25.10 | 24.94 | 2480 { 24.69 | 2474 | 5 2485 | 017 0.67
F1l 24.67 | 22.09 | 2698 | 23.51 | 2457 | S 2436 | 179 7.37
F12 31.89 | 28.91 | 29.22 | 3241 | 3105 | 5 3070 | 1.57 5.11
F13 33.72 | 29.45 | 28.02 | 32.12 - 4 30.83 { 2.57 8.34
F 14 2056 | 2577 | 2077 | 21,28 | 24.11 5 2250 § 232 1031
F15 1657 | 17.72 | 13.59 | 17.99 - 4 1647 | 2.01 12.23
F16 2143 | 29.84 | 23.57 | 20,35 - 4 2380 | 4.24 17.84
F17 24,07 | 20.09 | 23.91 | 2609 } 21.70 | § 2317 | 232 10.01
F18 13,73 | 18,63 | 15.09 | 18.39 - 4 1646 | 243 14.78
F19 38,99 | 33.09 | 37.64 | 40.82 | 36.28 5 3736 | 292 7.82
F20 37.26 | 3637 | 36.03 | 36.54 - 4 3655 | 0.2 142
F21 33,89 { 39.27 | 34.33 | 35.01 | 3671 5 3584 | 220 6.13
F22 28.82 } 29.30 | 33.09 | 3554 | 30,21 5 3147 | 3.00 9.52
F23 2907 | 30.73 | 31.96 | 29.55 | 26,55 5 29.57 | 2.03 6.85
F 24 26,59 { 26.17 | 25.10 | 25.86 - 4 2593 | 0.63 2.43
F 25 3542 | 2815 | 29.75 | 35.10 - 4 3211 | 3.7 11.54
F 26 2659 | 2788 | 2579 | 27.64 | 3059 | S 2770 | 1.82 6.58
F27 27.56 | 27.89 | 24.90 | 23.85 | 29.08 5 2666 | 2.19 8.21




Table C.3 Elongation at Break of Machine Direction (MD).
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Sample | Elongation at break of machine direction (%) | Dala X SD % Variation] .
Code | I | 22 ] 3 ] & &

Virgin HDPE| 500.3 | 496.6 | 516.6 | 4842 | 504.9 5 500.5 11.83 2.36
F1 4278 | 4248 | 4378 | 4024 | 396.1 5 4178 17.713 4.24
F2 419.0 | 406.6 | 446.5 | 454.8 | 419.5 5 4293 20.39 475
F3 4246 | 4539 | 4548 | 442.2 | 429.5 5 410 13.78 312
F4 418.2 | 4368 | 421.1 | 4448 | 4258 5 4293 11,17 2,60
FS$ 4253 | 3838 | 390.1 | 454.0 | 368.5 5 404.3 34.69 8.58
Fé 4104 | 4413 | 359.6 | 398.3 | 369.5 5 395.8 32.76 8.28
F7 407.1 | 417.9 | 4149 | 396.6 : 4 - 409.1 9.51 232
F8 428,7 | 493.7 | 4473 | 428.7 - 4 449.6 30,68 6.82
F¢ 3589 | 3715 | 393.5 | 3238 | 3826 5 366.1 26.89 7.35

F10 4448 | 4777 | 4457 | 426.2 | 4777 ] 454.4 22,63 4,98
Fl11 436,0 | 443.8 | 413.6 | 463.7 | 489.1 5 449.2 28.61 637
F12 4506 | 468.5 | 454.9 | 463.7 E 4 4594 B.14 1.77
F13 3887 | 408.9 | 439.7 | 4240 | 3754 5 407.3 25,96 ‘6.37
F 14 4271 | 3976 | 443.1 | 4273 | 402.5 5 419.5 19.00 4,53
F15 4471 | 409.7 | 4753 | 421.8 | 4533 5 4414 26.04 5.90
F 16 391.6 | 329.0 | 380.6 | 3503 - 4 3629 28,55 7.87
F17 388.8 | 413.9 | 3693 | 408.6 | 429.3 5 402.0 23.31 5.80
F 18 3873 | 379.1 | 3949 | 376.1 | 3803 5 383.5 7.56 1,97
F1¢% 4720 | 468,7 | 5491 | 4574 | 507.5 5 490.9 37.53 7.65
F 20 4144 | 439.4 | 386.6 | 3813 | 441.7 5 4127 28,39 6,88
F21 346.9. | 3188 | 378.0| 3534 | 3358 5 346.6 21.92 632
F22 4203 | 4746 | 4794 | 430.1 - 4 451.1 30.24 6.70
F23 4823 | 4395 | 4682 | 453.0 | 4438 5 4574 17.76 388
F24 440,5 | 423.0 | 396.1 | 425.7 | 389.1 5 414.9 | 21.54 5.19
F 25 4792 | 5146 | 463.9 | 523.6 - 4 495.3 28.39 573
F26 4337 | 462.1 | 473.0 | 456.5 | 5003 5 465.1 24.34 5.23
F27 431.1 | 420.7 | 373.4 | 433.1 | 3827 5 408.2 28,12 6.89




Table C.4 Elongation at Break of Transverse Direction (TD).
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Sample | Elongation at breek of transvemse direction (%) | Data X SD  {% Vatiation
Code | I | 5 [ & 5
Virgin HDPE] 699.2 | 622.6 | 675.3 | 6927 | 631.0 5 664.2 35.33 532
F1l 5677 | 4770 | 5434 | 5474 3 4 533.9 39.38 7.38
F2 539.5 | 508.6 | 5644 | 5251 | 499.8 h) 527.5 25.67 4.87
F3 5572 | 524.7 | 5193 | 493.1 | 4914 b 5171 26,96 5.21
F4 446.6 | 4690 | 496.0 | 5293 | 481.5 3 484.,5 30,92 6.38
F5 5084 | 494.6 | 4754 | 5005 | 465.3 5 4888 17.93 3.67
Fé 505.7 | 425.0 | 5423 | 5136 - 4 496,7 50.29 10.13
F7 5552 § 5394 | 546.8 | 5203 | 566.7 5 545.7 17.44 3.20
F38 5248 | 5394 | 5053 | 4893 | 470.8 5 505.9 27.33 540
F9% 386.5 | 4008 | 423,1 | 3854 - 4 399.0 17.56 440
F10 531.8 | 585.2 | 4874 | 511.7 | 5703 5 5373 40,49 7.54
F11 4334 | 4977 | 5177 | 5247 | 4754 5 489.8 36,90 7.53
F1i2 6321 | 5953 | 615.6 | 658.6 | 633.7 5 627.1 23.47 3.74
F13 5898 | 589.9 | 607.9 | 5646 | 6114 _ 5 5927 18.62 314
Fl4 5303 | 5029 | 5288 | 5450 | 5222 5 525.8 15.29 291
F1is 4528 | 3304 | 381.0 | 4933 - 4 4144 72.74 17.55
F 16 481.2 | 537.0 | 511.0 | 506.3 - 4 508.9 22,86 449
F 17 506.6 | 5432 | 584.2 | 5814 | 5320 5 567.5 28.15 4.96
F 18 4525 | 4749 | 4752 | 4471 - 4 462.4 14,74 3.19
F19 595.8 | 574.0 | 624,3 | 658.1 | 600.6 5 610.6 32.03 5.25
F20 5941 | 584.7 | 6356 | 6274 | 6400 S 616.4 25,24 4.10
F21 6488 | 7559 | 667.4 | 694.1 | 710.7 5 6954 41.39 5.95
F 22 566.7 | 559.7 | 5868 ] 604.6 | 553.1 h) 574.2 21,18 3.69
F23 601.6 | 632.6 | 629.7 | 588.2 | 592.1 5 608.8 20.97 344
F 24 5964 [ 6740 | 6747 | 6765 | 6464 5 653.6 | 3431 5.25
F25 596.1 | 5518 | 544.2 | 555.1 | 581.0 5 565.6 21,94 3.88
F26 5964 | 655.2 | 6361 | 584.7 | 667.2 5 627.9 36.11 575
F27 513.1 | 569.3 | 513.7 | 5203 | 557.9 S 534.9 26.69 499




Table C.5 Stress at Yield of Machine Direction (MD),
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Sample Stress at yield of machine direction (MPa) | Data X SD  [% Variation
Code ] & S
Virgin HDPE| 31.11 { 30.12 | 26.96 | 31.00 [ 2867 | s 2957 | 176 5.94
Fl 1945 | 2144 | 19.62 | 2143 | 2129 | 5 20,65 | 1.02 4.93
F2 19.98 | 2337 | 1884 | 2377 | - 4 2149 | 245 11.41
F3 2091 | 20.90 | 20.64 | 2046 | - 4 2073 | 022 1.0
F4 2049 | 17.93 | 20.08 | 19.52 { 2026 | 5 19.66 | 1.03 5.24
FS 18.87 | 17.89 | 1831 | 17.80 | 1807 | s 18.19 | 043 2.35
F6 1595 | 1649 | 1678 | 1555 [ 18.16 | 5 16,59 | 1.00 6.03
F7 17.85 | 19.58 | 18.90 | 1678 | 17.70 | 5 18.16 | 1.09 6.02
F8 1783 | 19.98 | 16,57 | 1783 { 1533 | 5 1751 | 1.73 9.87
F9 1654 | 1751 | 1743 | 1591 | - 4 1685 | 0.76 4.54
F10 [ 2498 | 2332 | 2409 | 2219 | - 4 23.65 | 118 5.01
F11 2233 | 2432 | 2331 | 2380 | 2281 | 5 2331 | 0.79 3.37
Fl12 2597 | 25.97 | 2647 | 2623 | 2636 | s 2620 | 023 0.86
F13 2249 { 2229 | 22.89 | 2391 | 2282 | 5 2288 | 0.63 2.73
F14 | 2238 | 2495 | 21.00 ] 21.29 | 2289 | 5 2250 | 157 6.99
F15 2380 ) 2145 | 2225 | 2274 | 2353 | s 2275 | 096 4.20
F16 2474 | 2467 | 26.08 | 24.65 | 2550 | 5 2513 | 0.64 2.54
F17 2168 | 21.36.{ 22.97 | 24.27 | 2382 { 5 2282 | 128 5.61
F18 [ 21.96 | 20.85 | 21.02 | 2217 | 1999 | 5 2120 | 089 4,18
F19 | 2779 | 27.24 | 2617 | 27.06 | 2724 | 5 2710 | 0.59 2.17
F20 | 2611 | 2645 | 2586 | 26.54 | 2671 | 5 2633 | 034 1.30
F2l 2630 | 27.08 | 2577 | 2815 | 2522 | 5 2650 | 115 4.33
F22 | 2682 | 27,01 | 27.06 | 2522 | 2554 |, 5 2633 | 0.88 3.34
F23 2747 | 2526 | 24.92 | 2628 | 2441 | 5 2567 | 1.22 4,74
F24 | 2731 | 2622 | 26,96 | 26.63 | 26.14 | =5 2665 | 049 1.85
F25 2594 | 2686 | 2831 | 2619 | - 4 2683 | 1.06 3.96
F26 | 2565 | 2546 | 23.96 | 24.69 | 25.43 | 5 2504 | 071 2.82
F27 | 2289 2449 | 2579 | 2441 | 2321 | 5 2416 | 116 4,78




Table C.6 Stress at Yield of Transverse Direction (TD).
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Sample Stress at yieid of transverse direction {MPa) Data X SD  |% Variation
Code * ?.M 3“1 4th S'h
Virgin HDPE| 29.74 | 28.19 | 29.31 | 27.89 | 30.08 5 29,04 0.96 i
F1l 20,96 | 19.23 | 19.71 | 18.66 | 20.02 5 19,72 0.86 4,39
F2 2177 | 21,18 | 19.53 | 19,92 { 2042 5 20.56 0.91 4,44
F3 15.00 [ 18,38 | 1837 | 18.01 | 18.77 i) 18.61 041 2,18
F4 17,75 | 16.62 | 16,94 | 17.55 | 16.48 5 17.07 0.56 3.29
Fs$ 18.52 | 16,53 | 16.65 | 17.73 - 4 17.36 0.94 544
Fé 15,95 | 1646 | 16,78 | 15.55 | 18.16 5 16,58 1.00 6,04
F7 17.85 | 19.58 | 18,90 | 16.78 | 17,70 5 18.16 1.09 6.02
F8 1747 | 16,64 | 1943 | 17.47 | 20.07 5 18.22 1,46 8.01
F9 15,02 | 15.26 | 13.52 16.30 16.86 5 15.39 1.29 8.37
F10 24.49 | 22,09 | 23.57 | 22.89 | 21.92 5 22.9% 1.07 4.64
Fll 21,11 | 2035 | 22.89 | 2129 | 21,12 5 21.35 0.93 437
F12 21,76 | 21.36 | 23,11 | 19.00 - 4 .| 2131 1.71 8.03
F13 2335 | 19.76 | 2042 | 2039 | 21.13 5 21,01 140 6.64
F14 20,00 | 22.21 | 21,36 | 2043 | 22.81 5 21,36 1.18 5.51
F 15 24.05 | 2238 | 21.29 | 21.12 | 22.63 5 22,29 1.18 3.30
F16 22,60 | 22,80 | 23.50 | 23.40 = 4 23.08 0.44 1.92
F17 2111 | 22013 23.69 | 23.76 | 21.11 5 2236 | 131 588
‘F18 23.19 | 1927 | 20.83 | 2046 | 18,79 5 20,51 1,72 8,37
F19 2674 | 2647 | 26.26 | 2626 | 26,02 5 26.35 0.27 1.02
F20 24.25 | 24,50 | 2374 | 23,96 - 4 2411 0.33 1.38
F21 26.26 | 2634 | 24,75 | 25.62 | 25.09 5 25.61 0.70 2.74
F22 20,18 | 24.26 | 23.53 | 24,07 | 22.66 5 22.%4 1.66 7.25
F23 24.41 | 24.62 | 24,90 | 25.54 ] 26.02 5 25.10 0.67 2,66
F24 2616 | 26,70 | 25,78 | 26.09 | 25.56 5 2606 | 043 1.66
F25 2598 | 2388 | 24.64 | 24,17 | 25,62 5 24.86 0.91 3.66
F 26 26,16 | 24.62 | 2449 | 2416 | 25,25 5 24.94 0.79 3.17
F 27 25,09 | 22.41 | 2500 | 23,57 | 23.40 5 23,89 1.14 4,77




Tabte C.7 Elongation at Yield of Machine Direction (MD),
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Sample ] Elongation at yield of machine direction (%)} | Data X 8D  |% Variation
Code T F & &

Virgin HDPE| 14.75 | 1680 | 1443 | 15.06 | 1684 { 5 1558 | 1.16 7.43
F1 1549 | 1416 | 17.00 | 17.09 | 1711 | 5 1617 | 132 8.13
F2 15.77 | 19.59 | 1049 | 1131 [ - 4 1429 | 423 | 29.58
F3 15.06 { 1477 | 12.98 | 1331 | 1594 | 5 1441 | 124 8.60
F4 11.67 | 14.63 | 13.05 | 1746 | 1553 | 5 1447 | 223 1543
F$ 12,53 | 13.36 { 1392 | 1387 [ 1634 | 5 1400 | 142 10.14
F6 | 1207 1549 | 1401 [ 1313 | 472 | 5 1388 | 134 9.63
F7 14,52 | 13.76 | 12.56 | 1535 | - 4 1405 | 119 8.44
F8§ 14.15 | 1641 | 1415 | 1474 | - 4 1486 | 1.07 7.19
F9 | 1386 | 1430 { 1624 | 15.05 | 1403 | 5 1470 | 0.98 6.64
F10 16.53 | 1687 | 1623 | 17.04 | - 4 1667 | 0.36 2.16
F1l 1743 | 1085 | 1506 | 1322 | 1682 | s 1468 | 270 | 1837
F12 | 1025 | 17.99 | 1480 | 1488 | 1700 | 5 1498 | 298 19.90
F13 14.69 | 1755 | 19.23 | 1497 § 1527 | 5 1634 | 197 | 12,07

F14 | 1319 | 1468 | 1322 | 1513 | 1585 | 5 1441 | 118 8.19
F15 13,67 1 17.28 | 1426 | 1690 | - 4 1555 | 180 | 11.60
F16 | 1812 1699 | 1588 | 1698 | 1518 | 5 1663 | 113 6.81
F17 | 1542 | 14.52 | 13.75 | 14.89 | - 4 14.65 | 0.70 4.79
F18 | 1152 { 2039 | 15.06 | 1015 | - 4 1428 | 457 | 3199
F19 | 1600 | 1746 | 17.63 | 1414 | 1610 | 5 1627 | 141 8.64
F20 | 1596 | 15.10 [ 13.95 | 1725 | 1689 | s 1583 | 134 8.49
F21 1533 | 14.58 | 19.83 | 1417 | 1638 | 5 1606 | 227 | 14.14
F22 | 1608 ] 1647 | 1597 | 1585 | 1575 | s 1602 | 028 1.74
F23 12.56 | 1436 | 1494 | 13.73 | 1669 | 5 1446 | 1.53 10.58
F24 | 1761 13.65 | 1515 | 1870 | 1795 | 8 1661 | 212 | 1279
F25 | 1305|1854 | 1841 | 1491 | - 4 1623 | 270 | 16.67
F26 | 1584 | 1820 | 1406 | 1339 | 1823 | 5 1594 | 226 | 14.16
F27 | 1335 | 1643 [ 13.37 | 1458 | 1401 | 5 1435 | 127 8.85




Table C.8 Elongation at Yield of Transverse Direction (TD).
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Sample | Elongation at yisld of transverse direotion (%) | Data X SD  [% Variation,
Code | 1" | 2| | & 5
Virgin HDPE| 6312 | 6,141 | 6.348 | 6238 | 6,228 5 6.253 0.08 129
F1 5745 | 6,128 | 6.765 | 6.028 | 6.131 5 6.159 0.37 6.06
F2 59931 ) 6,754 | 6.517 | 5.349 | 6.267 5 6.176 0.54 R,78
F3 6.763 | 7.012 | 6.674 | 7,289 | 6.490 h] 6.846 0.31 4.54
F4 6482 | 6301 | 5394 | 6,877 | 6.518 & 6314 0.56 879
F5 6327 | 7.146 | 6.674 | 6.602 | 6.188 5 6.587 0.37 5.61
Fé6 5940 | 4929 | 5.677 | 5478 | 6,709 5 5.747 0.65 11.37
I'7 6200 | GRTE | 6.68B6 | 6,441 - 4 6.554 0.29 4,44
Fg§ 6.997 | 6.120 | 6.230 | 7.566 | 6.540 5 6.691 0.60 8.91
F9 6485 | 6.334 | 6,566 | 6.293 | 6.515 5 6439 0.12 1.84
F10 5300 { 5.461 | 4.824 | 6.096 | 6,017 5 5,540 0.53 9.52
F11 6,581 | 6475 | 6530 | 6.799 | 6.713 5 6.620 0.13 2,02
F1l2 6.035 | 5.894 | 5.253 | 5.565 - 4 5.687 0.35 6.15
F13 5851 ) 5559 | 6.702 | 6308 | 5.196 5 5923 0.60 10.06
F 14 6.636 | 5467 | 5.739 [ 5.503 | B.248 5 6.319 118 18.64
F1s 5396 | 5.067 | 5483 | 5.005 | 5.283 h 5.247 0.21 393
F1le 6.242 | 6.234 | 6.037 | 6.140 - 4 6.163 0,10 1,56
F17 6,217 | 6.594 | 6.669 | 6,044 | 5,601 5 6.225 0.43 6.98
F18 5.869 | 5379 | 5.262 | 4958 | 6.112 5 5.516 0.47 8.48
F19 5,557 1 7397 | 5.110 | 6,024 - 4 6,022 0.99 16.43
F20 6,778 | 7.658 | 5.186 | 5.466 . 4 6.272 116 18.42
F21 4,665 1 5215 | 4.837 | 5953 | 4.853 5 5.105 0.51 10,09
F22 5,712 | 5.762 | 5.821 | 5.666 | 5,812 h] 5.755 0.07 1.15
F23 5.640 | 6,017 | 5.151 | 6420 | 6.497 5 5.945 0.56 9.44
F24 5354 § 6911 ] 5.778 | 6305 | 6142 5 6.098 0.58 9.57
F2s 6.149 | 6.796 | 6.914 | 7.611 - 4 6.868 0.60 8.72
F 26 5354 | 6.250 | 5.660 | 5,720 | 5313 5 5.659 0.38 6.65
F27 7.221 | 6.950 | 5.535 | 6.742 - 4 6.612 0.74 11.26




APPENDIX D

D. Analysis of Variance (ANOVA) Table of Film Properties.

D.1 One-way ANOVA Table of Film Properties (Machine Directiot),

ANOVA Table D.1 for Elongation at Break by Virgin HDPE

Rnalysis of Variance

Source Sum of Squares Df Mean Square F-Ratio P-Value
Batween groups 22453,5 7 3207,64 3,62 . 110
Within groups 17710.4 20 BB5.518

Total (Cork.) 40163.8 27

The StatAdvisor

The ANOVA table decomposes the variance of Elongation at Braak into
two components: a between-group component and a within~group
component. The F~ratio, which in this case equals 3,62233, is a ratio
of the bstween-group estimate to the within-group estimate. Since the
P-value of the F-test is legs than ,05, there is a statistically
significant differsnce betwesn the mean Elongation at Bresk from one
level of Virqgin HDPE to another at the 95.0% confidance lavel, To
determine which means are significantly different from which others,
select Multiple Range Tests from the list of Tabular Cptions.

ANOVA Table D.Z for Elongation at Break by Recycled HDEE film

Analysis of Variance

Source Sum of Squares Df Mean Square F-Ratio P=-Value
Betwean groups 2004 .65 2 1602.33 . T4 . 4887
Within groups 32603.6 24 1358.48

Total (Corr.) 34608.2 26

The StatAdvisor

The ANOVA table decomposes the variance of Elongation at Break into
two components: a between-group component and a within-group
component. The F-ratio, which in this case squals .737829, is a ratio
of the between-group estimate to the within-group estimate. Since the
P-value of the F-test ls greater than or egual to .05, there is not a
statistically significant difference between the mean Elongation at
Break from one level of Recycled HDPE £ilm to anothsr at the 95,0%
conflidence lavel.
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ANOVA Table D.3 for Elongation at Break by Recycled HDPE bottle

Analysis of Variance

Source Sum of Squares Df Mean Square F-Ratio P-Value
Betwaen groups 2689.13 2 1344,57 1.01 .3788
Within groups 31919.1 24 1329,96

Total {Corr.) 346a8.2 26

The StatAdvisor

The ANOVA table decomposes the varlance of Elongation at Break into
twe compeonents: a between=group componsnt and a within-group
component. The F-ratio, which in this case equals 1.01098, is a ratio
of the between-group estimate to the within-group estimate. Since the
P-value of the F-test is greater than or equal to .05, there is not a
statistically significant difference between the mean Elongation at
Break from onae level of Recycled HDPE bottle to ancther at the 95.0%
confidence level,

ANOVA Tabla D.4 for Elongation at Brsak by Recycled LDPE

RAnalysis of Variance

Scurce Sum of Squares Df Mean Square F-Ratio P-value
Batween groups 2510.74 2 1255.37 .94 . 4050
Within groups 32097.5 24 1337.4

Total (Corr.) 34608.2 26

The StatAdvisor

The ANOVA table decomposes the variance of Elongation at Break into
two componants: a between-group component and a within=-group
component. The F-ratio, which in this case equals .93B€69, ls a ratio
of the between-group estimate to the within-group estimate. Since tha
P-value of the F-test is greatsr than or aqual to .05, there is not a
statistically significant diffearence between the mean Elongation at
Break from one level of Recycled LDPE to another at the 95.0%
contidence level,
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ANOVA Table D.5 for Stress at Break by Virgin HDPE

Analysis of Variance

Source Sum of Squares Df Mean Square F-Ratio P-Value
Between groups 1118.99 7 159.855 12.48 . 0
Within groups 256,086 29 12,8043

Total (Corr.) 1375.07 27

The StatAdvisor

The ANQVA table decomposes the variance of Stress at Break into two
components: a between-qroup component and a within=-group component.
The F-ratio, which in this case egquals 12.4845, is a ratio of the
between-group estimate to the within-group estimatae. Since the
P-value of the F~test is less than .05, there is a statistically
significant difference between the mean Stress at Break from one level
of Virgin HDPE to another at the 95,08 confidence leval, To determine
which means are significantly diffarent from which others, select
Multiple Range Tests from the list of Tabular Options,

ANOVA Table D.6 for Straess at Break by Recycled HDPE film

Analysis of Variance

8 ok o D ke D D o e e e b e e T T G o D S e e A o e e o A B b o o e o e

Source Sum of Squares Df Mean Square F-Ratio P-Value
Between groups 891.6912 2 40.8456 .82 L4509
Within groups 1190,5 24 49.6044

Taotal (Corr.) 1272.2 26

The StatAdvisor

The ANCVA table decomposes the varlance of Stress at Break into two
components: a between-group component and a within-group compeonent.
The F-ratlo, which in this case equals .823428, is a ratio of the
between-group estimate to the within-group estimate. Since the
P-value of the F~test is greater than or equal te¢ .05, there is not a
statistically significant difference between the mean Stress at Break
from one level of Recycled HDPE film to another at the 95.0%
confidence level.



ANOVA Table D.7 for Stress at Break by Recycled HDPE bottle

Analysis of Variance
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----------------------------------------- T T

Source Sum of Squares Df Mean Square F-Ratio pP-Value
Between groups 438,754 2 215,377 6.32 62
Within groups 833.442 24 34,7267

Total (Corr.) 1272.2 26

The StatAdvisor

The ANOVA table dscompoges the variance of Stress at Break into two
components: a batween-group component and a within-group component.
The F-ratio, which in this case equals 6.31724, 13 a ratic of the
between-group estimate to the within-group estimate. Since the
P-value of the F-test is less than .0S, there 1s a statistically
significant difference between the mean Stress at Break from one level
of Recycled HDPE bottle to another at the 95,08 confidence level. To
determine which means are significantly different from which others,
select Multiple Range Tests from the list of Tabular Options.

ANOVA Table D.E8 for Stress at Break by Recycled LDPE

Analysis of Variance

----------- S ok o A B e e T ot T R e P B ek o S B b ke v v =

Soutce Sum of Squares Df Mean Square F-Ratio P=Value
Betwaen groups 482.701 2 241,351 7.4 . 32
Within groups 789,495 24 32.8956

Total (Corr.) 1272.2 26

The StatAdvisor

The ANOVA table decomposas the variance of Stress at Break into two
components: a between-group component and a within-group compeonent.
The F=ratio, which in this case esquals 7.33686, is a ratio of the
batwaen-group estimate to the within-group estimate. Since the
P-value of the F-test i=s less than .05, there i= a statistically
significant difference betwean the mean Stress at Break from ons level
of Racyclad LDPE to another at the 95.0% confidence level. To
determine which means are significantly different from which others,
select Multiple Range Tests from the list of Tabular Options.
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ANOVA Table 0.2 for Elongation at Yleld by Virgin HDPE

Analysis of Variance

D  af D D ko VB ek e 7y T B B o o e U L e e g e o T e o e o B

Source gum of Squares Df Mean Sguate F-Ratio P=Value
Batween groups B.68052 7 1.24007 1.68 L1715
Within groups 14,7784 20 .73897

Total (Corr.) 23.4599% 27

The StatAdvisor

The ANOVA table decomposes the variance of Elongation at Yield into
two components: a betwean=group component and a within-group
component. The F-ratio, which in thls case equals 1.678l1, is a ratio
of the between-group estimate to the within-group estimate. Since the
P-value of the F-test is greater than or eqgual to .05, there is not a
statistically significant difference between the mean Elongation at
Yield from one level of Virgin HDPE to another at the 95,0% confidence
level.

ANOVA Table D.1C for Elongation at Yield by Recycled HDPE film

Analysis of Variance

= B £ T Y T Y o Y P ey D o e e Dl T e e e

Source - Sum of Squares Df Mean Square F-Ratio P-Value
Between groups 3,11162 2 1,55881 1.85 .1795
Within groups 20,2194 24 .B42477

Total (Corrs] 23,3311 26

The StatAdvisor

The ANOVA table decomposes the variance of Elongation at Yield into
two components: a between-group component and a within-group
component. The F-ratio, which in this case equals 1.84671, is a ratio
of the betweesn~group estimate ro the within-group estimate. Since the
P-value of the F-test i1s greater than or egual to .05, there is not a
statistically significant difference betwean the mean Elongation at
Yield from one level of Recycled HDPE film to another at the 95.0%
confldence laevel.



ANOVA Table D.ll for Elongation at Yield by Recycled HDPE bottle

Analysis of Variance
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Between groups
Within groups

2.42869%
20.9024

Total (Corr.)

Tha StatAdvisor

The ANCVA table decomposes tha variance of Elongation at Yield into

23,3311

2 1.21434
24 . 870932
26

two components: a between-group component and a within-group

component. The F-ratie, which in this case equals 1,3943, is a ratio
of the between-group estimate to the within-group estimata.
P-valus of the F-test is greater than or equal to .05: thare is not a
statlstically significant difference between the mean Elongaticn at

Yield from cne level of Recycled HDPE bottle to another at thes 95.0%

conflidence leval.

ANCVA Table D.12 for Elangation at Yield by Recycled LDPE

Analysis of Varlance

Since the

Batween groups
Within groups

6,31369
16,4174

Total (Corr.)

The StatAdvisor

The ANOVA table decomposes the variance of Elongation at Yield into

23,3311

2 3.45684
24 +6HA05T
26

two components: a betweeh-group component and a within-group

component. The F-ratlo, which in this case equals 5.05344, is a ratie
of the betwesn-group estimate to the within-group estimate.
P-value of the F~test ls less than .05, there is a statistically

significant difference between the mean Elongation at Yield from one

level of Recycled LDPE to another at the $5,0% confidence levsl.

determine which means are significantly different from which others,

select Multiple Range Tests from the list of Tabular Optlions.

Since tha



ANOQVA Table D.13

for Stress at Yield by Virgin HDPE

Analysis of Variance
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Sourcea

F-Ratio

P=Value

R e = Y - D e e o e o et o B B A e kP 8 i = o B Y

Between groups
Within groups

. 31

Total (Corr.)

The StatAdvisor

L L T ———

The ANOVA table decomposes the variance of Stress at Yield into two
components: a between-group component and a within-group component,

Sum of Squares Df Mean Square
207.025 7 29.575
126,616 20 6.33081
333.641 27

The F-ratlo, which in this case eguals 4.6716, is a ratio of the
between-group estimate to the within-group estimate.

Since the
P-value of the F-test 15 less than .05, there is a statistically
significant difference between the mean Stress at Yield from one leval
of Virgin HDPE to another at the 95.0% confidence level.
which means are significantly different from which others, select
Multiple Range Tests from the list of Tabular Cptions.

To determine

ANCVA Table D.l4 for Stress at Yield by Recycled HDPE film

Bnalysis of Variance

Scurce

F-Ratic

P=vValue

------------ e e A - T A et 0 S e ey e 7 e TR e o Bl ot b o e R

Batween groups
Within groups

.25

o o o 9 0 Bk B S Bt Pt P B o . 0 o P A e e e e T D o T B P et M e e e o OB

Total (Corr.)

The StatAdvisor

The ANQVA table decomposes tha varlance of Stress at Yield into two
components: a between-group component and a within-group compenent.

Sum of Sguares Df Mean Square
5.87636 2 2.93814
283.22 24 11.8008

289,096 26

The F-ratio, which in this case equals .2489B, is a ratio of the
between-group estimate to the within-group estimate.

Since the
P-value of the F~test is greater than or equal to .05, there i3 not a
statistically significant difference between the mean Stress at Yield

from one level of Recycled HDPE film to another at the 95,0%

confidence level.
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ANOVA Table D.15 for Stress at Yield by Recycled HDPE bottle

Analysis of Variance

Source Sum of Squares Df Mean Square F-Ratio P-Value
Between groups 21,7454 2 10.8727 .98 L3913
Within groups 267,351 24 11.1396

Total (Corr.) 2B9.096 26

The StatAdvisor

The ANOVA table decomposSes the variance of Stress at Yield into two
component.s: a between~group component and a within-group component.
The F-ratio, which in this case equals .976036, is a ratio of the
between-group estimate to the within-group estimate. Since the
P-value of the F-test ls greater than or equal to .05, there i5 not a
statistically significant difference betwaen the mean Stress at Yield
from one level of Recycled HDPE bottle to another at the 9%5.0%
confidence level,

ANOVA Table D.16 for Stress at Yleld by Recycled LDPE

Analysis of Variance

ke e g e e e e e e e T

Sgurce Sum of Squaras Df Mean Square F~Ratio P-Value
Between groups 238,141 2 119.071 56.08 . 0
Within groups 50.9553 24 2.12314 :

Total (Corr.) 289.0596 26

The StatAdvisor

The ANOVA table decomposes the variance of Stress at Yiald into two
compohants: a batwean-group component and a within-group component.
The F-ratio, which in this case equals 56,0623, is a ratic of the
between-group estimate to the within-group estimate. Since the
P-value of the F-test is less than .05, there I1s a statistically
significant difference betwaen the mean Stress at Yield from one leval
of Recycled LDPE to another at the 95.0% confidence level. To
determine which means are significantly different from which others,
select Multiple Range Tests from the list of Tabular Optiona.
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D.2 One-way ANOVA Table of Film Properties (Transverse Direction).

ANOVA Table D.17 for Elongation at Break by Virgin HDPE

Ahalysis of Variance

Scurce Sum of Squares Df Mean Square F-Ratio P-Value
Batwaen groups 7359Q.7 o 10513.0 3,11 . 218
Within groups 67653.7 20 3382, 68

Total (Corr.) 141244.0 27

The StatAdvisor

The RNOVA table decomposes the variance of Elongation at Break into
twe components: a between-group component and a within-group
component. The F-ratio, which in this case equals 3.10787, is a ratio
of the between-group estimate to the within-group estimate. Since the
P-value of the F-test is less than .05, there is a statistically
significant difference between the mean Elcongation at Break from one
level of Virgin HDPE to another at the 95.0% confidence lavel, To
determine which means are significantly different from which others,
3elact Multiple Range Tests from the list of Tabular Options.

ANOVA Table D.1g for Elongation at Break by Recycled HDPE film

Analysis of Variance

Source Sum-of Sguares Df Mean Square F-Ratio P-value
Betwean groups 10207.¢ 2 5103.5 1.04 .3675
Within groups 117314.0 24 46868.0%

Total {Corr.) 127521.0 26

The StatAdvisor

The ANOVA table decomposes the variance of Elongation at Break into
two components: a between-group component and a within-group
component. The F-ratio, which in this case equals 1.04407, is a ratio
of the between~group estimate to the within-group estimate. Since the
P-value of the F~test is greater than or equal to «05, there is not a
statistically significant difference between the mean Elongation at
Break from one level of Recycled HDPE film to another at the 85.0%
confidence level.
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ANOVA Table D.19 for Elongation at Break by Recycled HDPE hottle

Analysis of Variance

Source Sum of Squares Df Mean Sgquare F-Ratic P-Value
Between groups 10498,7 2 5249.33 l.08 L1567
Within groups 117022,¢ 24 4875.93

Total (Corr.) 127521.0 26

The StatAdvisor

The ANOVA table decomposes the variance of Elongation at Break into
WO components: a between-group component and a within-group
component.. The F-ratio, which in thiy case aquals 1.C765H, is 4 rakio
of the between-group estimate to tha within-group estimate. Since the
P-value of the F~test is greatar than or equal to .05, there is net a
statistically significant difference between the mean Elongation at
Break from one lasvel of Reacycled HDPE bottle to another at the 85.0%
confldence level.

ANOVA Table D,20 for Elongation ak Break by Recycled LDPE

Analyai& of Variance

Source Sum of Squares Df Mean Square F-Ratio P~Value
Betwean groups 59557.7 2 29778.8 10,52 . 5
Within groups 67963,4 24 2831.81

Total {Corr.) 127521.¢ 26

The StatAdvisor

The ANOVA table decomposes the variance of Elongation at Break into
two cemponents: a between~group component and a within-group
compenent.  The F-ratio, which in this case equals 10,5158, iz a ratio
of the between-group estimats to the within-group estimate. Since the
P~value of the F-test is less than .05, thare is a statistically
significant diffarence between the mean Elongation at Break from one
level of Recycled LDPE to another at the 95.0% confidence lavel., To
determine which means are significantly different from which others,
select Multiple Range Tests from the list of Tabular Options,
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ANGVA Table D.21 for Stress at Break by Virgin HDFE

Analysis of Variance

Scource Sum of Squares Df Mean Square F-Ratio P=-Valne
Between groups 652,204 7 93,1721 4.33 T
Within groups 430,058 20 21.502%

Total ({(Corr.) 1082,286 97 L

The StatAdvisor

The ANOVA table decomposes the variance of Stress at Break into two
components: a betwesn-group componant and a within-group component,
The F-ratio, which in this cage equals 4.333, is a ratio of the
between-group estimate to the within-group estimate. Since the
P-value of the F-test is less than .05, there is a statistically
significant difference betwesn the mean Stress at Break from one level
of Virgin HDPE to another at the 95.0% confidence level. To determine
which means' are significantly different from vwhich others, select
Multiple Range Tests from the list of Tabular Options.

ANGVA Table D.22 for Stress at Break by Recycled HDPE film

Analysis of Variance

Sourca Sum of Squataes DEf  Moan Squato F—ﬁntio =Vl gy
Between groups 6.08436 2 3.04218 7 . 9287
Within groups o 984.49 24 41,0204

Total (Cerr.) 990.5M 26

The StatAdvisor

The ANOVA table decomposes the variance of Stress at Break into two
components: a between-group component and a within-group component.
The F-ratio, which in this case equals .0741625, is a ratio of the
between=-group estimate to the within-group estimate. Since the
P=value of the F~test is greater than or equal to .05, thers is not a
statistically significant difference between the mean Stress at Break
from one level of Recycled HDPE film to another at the 95.0%
confidence level,
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ANOVA Table D.23 for Stress at Break by Recycled HDPE bottle

Analysis of Variance

Source Sum of Squares Df Mean Square F-Ratio P-Value
Between groups 27B.674 2 139.337 4.70 . 190
Within groups 711.9 24 29.6625

Total {Corr.) 990.574 26

The StatAdvisor

The ANOVA table decomposes the variance of Stress at Break into two
components: a betwaen-group component and a within-group component.
The F-ratio, which in this case equals 4.69741, is a ratio of the
betwasn-group estimate to the within-group estimate. Since the
P-value of the F-test ls lass than 05, there is a statistically
significant difference between the mean Stress at Break from one level
of Recycled HDPE bottle to ancther at the 95.0% confidence level. To
determine which means are significantly different from vwhich others,
selact Multiple Range Tests from the list of Tabular Options,

ANOVA Table D.24 for Stress at Break by Recycled LDPE

Analysis of Variance

Source Sum of Squares Df Mean Square F-Ratio P-Value
Between groups 514.165 2 257,083 12.95% . 2
Within groups 476,409 24 19.8504

Total {(Corr.) 990.574 26

The StatAdviscr

The ANOVA tabla decomposed the variance of Stress at Break into two
components: a between-group cemponent and a within-group component.
The F-ratio, which in thiz casze equals 12.951, is a ratio of the
between-group estimate to the within-group estimate. Since the
P-value of the F-test is less than +05, there is a statistically
significant difference between the mean Stress at Break from one level
of Recycled LDPE to another at the 95.0% confidence leval, To
determine which means are significantly different from which others,
select Multiple Range Tests from the list of Tabular Options.
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ANOVA Table D.25 for Elongatian at Yield by Virgin HDPE

Analysis of Variance

Soutcea Sum of Squares Df Mean Square F-Ratio P-Valus
Between groups 1.06051 7 151502 .64 L7179
Within groups 4,73338 20 236669

Total (Corr.) 5,7939 27

The StatAdvisor

The ANOVA table dacamposes the variance of Elongation at Yield into
twa components: a betwesn-group component and a within-group
component. The F-ratio, which in this case equals .640142, is a ratio
of the betwean-group estimats to the within-group estimate. Since the
P-value of the F-test is graater than or aqual to .05, there is not a
statistically significant differance between the mean Elongation at
Yield from one level of Virgin HDPE to another at the 95.0% confidence
lavel.

ANOVA Table D.26 for Elongation at Yield by Recycled HDPE film

Analysis of Variance

Source Sum of Squares Df  Mean Square F-Ratio P-Value
Betweean .groups : 1.11506 2 55753 2.87 . 782
Within groups 4.68032 24 .19418

Total (Corr.) 5,77537 26

The StatAdvisor

The ANCVA table decomposes the variance of Elongation at Yield into
two components: a between-group component and a within-group
component, 'The F~ratic, which in this cage equals 2.8712, iz a ratio
of the between-group estimate to the within-group estimate. Since the
P-value of the F-test 1s greater than or equal to .05, there is not a
statistically significant difference batwesn the mean Elongation at
Yield from cne level of Recycled HDPE film to another at the 95.0%
confidence level.
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ANOVA Table D,27 for Elongation at Yield by Recycled HDPE bottle

Analysis of Variance

Source Sum of Squares Df' Mean Square F-Ratio P-Valus
Between groups .158395 2 .0991974 .43 6574
Within groups 5.57698 24 .232374

Tetal (Corr.) 5.77537 26

The StatAdvisor

The ANOVA table dedomposes the variance of Elongation at Yield into
two components: a between-group compenent and a within-group
component. The F-ratic, which in this case equals 426686, 1s a ratio
of the bafween-group estimate to the within=group estimate. Since the
P-value of the F-test is greater than or egual to .05, there is not a
statistically significant difference between the mean Elengation at
Yield from cne level of Recycled HDPE bottla to another at the 95.0%
confidence level.

ANOVA Table D.28 for Elongation at Yiaeld by Recycled LDPE

Analysis of Variance

Source Sum of Squaraes Df Mean Squara F-Ratio P-Value
Between groups 1.09456 2 .547279 2.81 | . 803
Within groups 4.68082 24 .195034

Total (Corr.) 5.77537 26

The StatAdvisor

The ANOVA table decomposes the variance of Elongation at Yield into
tWwo components: a between-group component and a within~-group
component. The F-ratic, which in thisz case equals 2,80607, is a ratiec
of the between=-group estimats to the within=-group estimate. Since the
P-value of the F-test is greater than or equal to .05, there is not a
statistically significant difference between the mean Elongation at
Yield from cne level of Recycled LDPE to ancther at the 95,0%
confidence level.
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ANCVA Table D.29 for Stress at Yield by Virgin HDBE

Analysis of Variance

Source Sum of Squares Df Mean Square F-Ratio P-Valua
Between groups 179.518 7 25.7025 4,08 . 62
Within groups 126.038 20 6.30192

Total (Corr.) 305,956 27

The StatAdvisor

The ANQVA table decomposes tha variance of Stress at Yield into two
components: a betwaen-groutp component and a within-group component.
The F-ratio, which in this case equals 4.07852, is a ratio of ths
betweeh-group estimate to the within-group estimate. Sinece the
P-value of the F-test is less than .05, there is a statistically
significant difference between the mean Stress at Yield from cone level
of Virgin HDPE to anothar at tha 95.08 confidence level. To determine
which means are significantly different from which others, select
Multiple Range Tests from the list of Tabular Optlons,

ANCVA Table D.30 for Stress at Yield by Recycled HDPE film

Analysis of Variance

Source Sum of Squares Df Mean Square F-Ratic P«Value
Between groups 9.17482 2 4.58741 +45 .6406
Within groups 242,652 24 10.1105

Total (Corr.) 251.827 26

The StatAdvisor

The ANCVA table decomposes the variance of Stress at Yield into two
components: a between-group componant and a within-group compenent.
The F-ratie, which in this case equals ,453727, is a ratio of the
between-group estimate to the within-group estimate. Since the
P-value cof the F-test is greater than or equal to .05, there is not a
statistically significant difference bstween the mean Stress at Yield
from cne lavel of Recycled HOPE film to another at the 95,0%
confidence level.
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ANQVA Table D.31 for Stress at Yield by Recycled HDPE bottle

Analysis of Variance

Source Sum of Squares Df Mean Square F-Ratio P-Value
Between groups 2.29282 2 1.14641 .11 8561
Within groups 249.534 24 10.3573

Total {Corr.) 251.827 26

The StatAdvisor

The ANOVA table decomposes tha variance of Stress at Yield into two
components: a betwsen-group component and a within=-group compaohent,
The F-ratio, which in this case equals .110261, is a ratic cf the
betwaen-group estimate to the within-group estimate, Since the
P-value of tha F-test is greater than or equal to .05, there is not a
statistically significant difference between the mean Stress at Yield
from one level of Recycled HDPE bottla to another at the 95,0%
confidence level,

ANOVA Table D.32 for Stress at Yleld by Recycled LDPE

Analysis of Variance

Source Sum of Squares Df Mean Square F=Ratio P=Value
Between groups 215.7171 2 107.8B86 71.81 . 0
Within groups 36.056 24 1.50233

Total (Corr.) 251.827 26

The StatAdvisor

The ANCVA table decomposes the variance of Stress at Yield into two
components: a betwean-group camponent and a within-group component.
The F-ratio, which in this case equals 71,812, is a ratio of the
between-group estimate to tha within-group estimate. Since the
P-value of the F-test is less than .05, there is a statistically
significant difference batwaen the mean Stress at Yield from one levael
of Recycled LDPE to another at the 95,0% confidance level. To
determine which means are significantly different from which others,
select Multiple Range Tests from the 1ist of Tabular Options,



APPENDIX E

E. Rheological Properties of Blended Recycled Polyethylene Resins.

L ]

Table E.1 Shear Rate (¥) and Viscosity (1)) of Virgin HDPE and Recycled Polyethylene,

¥ of 1 of ¥ of n of ¥ of M of ¥ of 1 of
virgin HDPE | virgin HDPE |Recycied HDPE Recyeled HDPE| Recycled HDPE| Recycled HDPE Recycled LDPE(| Recycled LDPE
(bottle) (bottle) (film) (film)

{/s) (Pa.s) {/s) {Pa.s) (/) (Pas) {/s) (Pa.s)
14,14 6324.82 10.32 1717.35 15.88 5834.76 10.21 1525.99
88.45 1370.15 535,26 793.06 85.09 1677.98 54.91‘ 626.10
149.69 852,32 115.03 496.64 176.20 980.02 114,77 401.91

711,38 240.83 375.00 24469 562,04 404.49 378.68 187.43
1348,80 133.43 657.39 170.28 966.58 262.55 670.39 126.87
2098.78 ‘93.36 958.03 131,92 1384.27 197.82 985.83 97.91
3435.49 63.62 1437.25 100.35 2027.37 137.13 1498.15 72:08
10132.30 29.19 3251.96 57.28 4273.12 73.64 3535.64 38.19
22340.70 13.87 5382.16 39.39 6629.78 53.76 6120.97 24.94
46992,50 6,75 7832.99 29.55 9066.48 41.80 9369.68 17.75
113125.00 2,87 10625.40 23.16 11564.10 33.57 13470.80 13.05
170247.00 1.89 17438.00 15.55 16735.00 23.75 25725.00 7.42
31719.30 9.55 59999.00 717 70178.30 2.94
45590.95 6.97
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Table E.2 ‘Siear Rate (\./) and Viscosity (1]) of the Polyethylene Blended Resins,
|

VHDPE70%,Recycled HDPE(film)10%

Recycled HDPE(bottle}1 0%, Recycled LDPEI0%

VHDPE60%,Recycled HDPE(film)10%

Recycled HDPE(botthe)1 0%, Recycled LOPE20%:

VHDPES0%,Recycled HDPE(film) 0%

Recycled HDPE(bertle) |0%, Recycled LDPE3O%

y 1 ¥ 1 7 u

(/s) (Pa.s) {/s) (Pa.s) /s} (Pa.s)
10.18 [0215.70 10.03 8253.93 10.91 5801.11
60.02 2345.74 40,93 328936 93,89 1655.71
86.99 1779.13 8292 1930,16 254.14 800.68
281.16 690.55 256.31 887.66 414.45 532,49
501.63 448,62 435,99 559.10 574,45 394,73
755,92 327.22 621,59 380.95 813.37 292,33
123578 197.98 509,64 271.79 1605.46 160,54
6999.90 48.40 1959.19 151.97 2394.35 117.19
77250.00 4,08 3177.07 103.34 318097 94.90
128753.00 2.64 4637.03 73.28 3964.79 75.57

6480.59 53.30 553399 53.83

]3018.50 27.37 999990 26,03

Table E.3 Shear Rate (’f) and Viscosity (1)) of the Polyethylene Blended Resins.

VHDPES0%,Recycled HDPE(film)20%

Recycled HDPE(botrle)}20%, Recycled LOPE10%:

VHDPE40%,Recycled HDPE(film)20%

i!,ccyclcd HDPE(bottle)20%, Recycled LDPE20Y

VHDPE3(%,Recycled HDPE(film)20%

Recycled H DPE(bottle)20%, Recycled LDIPE30%

Y n 7 M Y M
3] (Pa.s) (/s} (Pa.s) (/s) (Pa.s)
12.91 5526.72 13.22 4279.45 8.84 4029.89
71,30 1602,58 72,23 1450.47 47,03 1983.94
150.87 943.13 151,60 873.91 98.31 1191.99
506.93 393.67 499,15 370.65 332.63 500.76
903,03 25440 87652 243.02 613.98 313.82
133097 187.55 1276.40 184.69 954.48 224.46
2022.01 133.28 1908.62 135.50 1625.25 145.12
4693.71 63.09 4239.35 67.90 11722.40 24.05
7883.74 40.16 6850.50 44.86 77250.00 3.87
11581,70 28.55 9701.48 33.40 102997.00 3.05
15801.70 21.49 12768.80 26.18 128698,00 2.56
26027.80 13.34 19553.20 17.81 180247.00 .95
4678540 7.66 31258.50 11.54 257497.00 .43




Table E.4 Shear Rate (}") and Viscosity (T]) of the Polyethylene Blended Resins,

t
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YHDPE%,Recycled HDPE(film)30%

Recycled HDPE(bottle)30%, Recycled LDPE 0%

YHDPE20%,Recycled HDPE(film)30%

Recycled HDPE(boitie) 0%, Recycled LDPE20Y

VHDPE10%.Recycled HDPE(film}30%

Recycled HDPE(bottle)30%,Recyeled LDPEIO%

Y n H n Y n
{/s) {Pa.s) {/s) (Pa.s) {/s) (Pa.s)
838 7325.20 9.3] 5462.17 838 4462.75

42,16 2393.54 43.51 2124.36 42,16 1624.69
84.61 142471 85.53 1326.95 84.61 1098.30
255,25 632.65 251.35 650.63 255.25 514,26
426.40 395.20 579.51 341.49 907.05 225.16
598.29 283.54 824.32 271.27 2643.56 120,25
856.43 224.71 1636.39 161,28 3502.96 88,78
1719.75 132.65 2445.51 118.11 4357.55 73.94
2586.40 97.02 3252.46 95.41 6064,70 56.03
3454.81 77.38 4056.60 79.24 8611.16 41,58
4323.21 65.11 5666.55 60.00
6068.58 49,52 8074.13 4432
8690.99 36.82




\ APPENDIX F
F. Statistic of Data

Standard deviation (s), Equation (F1) and t distribution was used to

determine the distribution of experiments values[44].

(F1)

where n is the number of sample,
X, is the experimental of i experiment,
x is the arithmetic experiment mean of a set of values.,
The true data (1) was calculated following the equation (F2). The t-values

were obtained from the tabulated statistical table.

L =  x+(tSD) (F2)
| 0
From the statistical table:
At 90% confidence, n = 3, to obtain t = 2.92.
At 90% confidence,n =5, to obtaint = 2.13.
The set values were often a single result which deviated from the mean far
more than any of the other, the result should be rejected. The Q-test was one of the

most reliable of the objective tests available [44].
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. Q = suspect value — nearest value (F3)

largest value — smallest vaiue

The Q-test was employed in this study to check whether or not it was
reliable to reject a value which deviated far from the mean. The Q experimental
value was determined from equation (F3) which was finally compared with those
tabulated in a statistical table, If Q (experimental) > Q (tabie), the value could be

reject. In this thesis, Q was equal to 0.64 at 90% confidence for 5 results.



7. Percent Crystallinities from X-ray Diffraction

calculated from:

% Crystallinity =

The area is determined using s cut-and-weight method (using & filter paper with & diameler of 100 mm produced by

APPENDIX G

area under crystalline region

The polymer’s percent crystallinity from X-ray diffraction could be

x 100 (G1)

area under crystalline region + area under amorphous region -

Schleicher&Schuell, Dassel, Germany)

Table 7.1 Percent Crystallinities of Polyethylene Films from X-ray Diffraction.

Material (%) Area under Aren under

Virgin | Recycled | Recycled | Recycled Crystalline .Amorphous Crystallinity

HDPE HDPE HDPE LDFE Region Region (o)
(film) (bottle), W ®

100 - - - 0.03% 0011 77.6
- 100 - - 0.033 0.011 75.0
- - 100 3 0.033 0.013 71.7
- - - 100 0,017 0,016 51.5
70 10 10 10 0.042 0.014 75.0
60 10 10 20 0.031 0.012 72.1
50 10 10 30 0.029 0.012 70.7
50 20 20 10 0.029 0.010 74.4
40 20 20 20 0.031 0.011 73.8
30 20 20 30 0.033 0.014 70.2
30 30 10 10 0.032 0.013 71,1
20 30 30 20 0.032 0.014 69.5
10 30 30 30 0.029 0.014 67.4
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Figure G.1 X-ray diffraction curve of virgin HDPE,
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Figure G.2 X-ray diffraction curve of recycled HDPE (film).
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Figure G.3 X-ray diffraction curve of recycled HDPE (bottle).
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Figure G.4 X-ray diffraction curve of recycled LDPE.

30

140



141

6000

5000

4000

intensity

3000 -

Scattering

B crystallinity region

Ve

2000

1000

crystallinity region

amerphous raglon/

12 14 16 18 20 22 24 26 28 30
Diffraction angle, 28

Figure G.5 X-ray diffraction curve of the blended film.

(virgin HDPE 70%, recycled HDPE (film) 10%, recycled HDPE (bottle)10%, recycled LDPE 10%)
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Figure G.6 X-ray diffraction curve of the blended film.

(virgin HDPE 60%, recycled HDPE (film) 10%, recycled HDPE (bottle}10%, recycled LDPE 20%)
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Figure G.7 X-ray diffraction curve of the blended film,

{virgin HDPE 50%, recycled HDPE (film) 10%, recycled HDPE (bottle}10%, recycled LDPE 30%)
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Figure G.8 X-ray diffraction curve of the blended film.

{virgin HDPE 50%, recycled HDPE (film) 2

30

0%, recycled HDPE (hottle) 20%, recycted LDPE 10%)
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Figure G.9 X-ray diffraction curve of the blended film,

{virgin HDPE 40%, recycled HDPE (film) 20%, recycled HDPE (bottle) 20%, recycled LDPE 20%)
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Figure G.10 X-ray diffraction curve of the blended film.

(virgin HDPE 30%, recycled HDPE (film) 20%, recycled HDPE (bottie) 20%, recycled LDPE 30
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Figure G.11 X-ray diffraction curve of the blended film.
(virgin HDPE 30%, recycled HDPE (film) 30%, recycled HDPR (bottle) 30%,

recycled LDPE 10%)
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Figure G.12 X-ray diffraction curve of the blended film.

(virgin HDPE 20%, recycled HDPE (film) 30%, recycled HDPE (bottle) 30%, recycled LDPE 20%)
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Figure G.13 X-ray diffraction curve of the blended film.

{virgin HDPE 10%, recycled HDPE (film) 30%, recycled HDYE (bottle) 30%, recycled LDEE 30%)
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