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APPENDICES

Appendix A FTIR Spectra of Shell Layer Polymer
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Appendix B DMA Results of PLA/admicelled Rubber and PLA/admicelled
Nanocomposites
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Figure BL DMA thermogram of neat PLA.
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Figure B2 DMA thermogram of PLA/NR blend with 10%wt NR.
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Figure B3 DMA thermogram of PLA/307005 blend.
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Figure B4 DMA thermogram of PLA/406005 blend.
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Figure B5 DMA thermogram of PLA/505005 blend.
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Figure B7 DMA thermogram of PLA/505015 blend.
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Figure B8 DMA thermogram of PLA/505020 blend.
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Figure B12 DMA thermogram of PLA/505010 nanocomposites with 1.0% wt. clay.
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Appendix ¢ XRD Result and Bragg's Law Calculation

Bragg's law equation X=2d5sin 0
X-ray wavelwngth 154 Angstrom

Table Cl XRD data and calculated d-spacing.

Samples 2-Theta DAspacm%

_ £ 8) nstrom

Bentonite 41 14,053

Modified Bentonite 2 2367 39.4667

PLA+505010+0.5 0.7871 112.1434

PLA+505010+1.0 0.6712 1315149
PLA+505010+1.5 - -

PLA+505010+2.0 0.4722 186.9226

Polymer

1

Calculated D-spacing
SAns romf
14.04811214
3045147023
112.1029021

131 4600789

1868509703

5oy T e e TR B 0™

2-Theta - Scale

Figure C|1 XRD pattern of neat PLA.
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Figure C2XRD pattern of bentonite.
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Figure C3 XRD pattern of modified bentonite
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Figure C4 XRD pattern of PLA+505010 with clay 0.5%w.
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Figure C5 XRD pattern of PLA+505010 with clay 1.0%wt
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Appendix D Impact Testing Results

Table D1 Impact strength from testing and standard deviations.
Impact force (J/m)

Specimens

Neat PLA
PLA+307005
PLA+406005
PLA+505005
PLA+505010

PLA+505010+0.5
PLA+505010+1.0
PLA+505010+1.5
PLA+505010+2.0
PLA+505015
PLA+505020
PLA+604005
PLA+703005

1
58,7
62
60.5

- 61.6

61
44.5
44.6
44.6
43.9
7.9
718
61.4
61.6

2
59.1
61.2
61.6
61.8
61.6
44.8
443
44.5
442
72.6
70.5
61.2
61.2

3
60.8
61.6
61.2
61.8
60.8
44.8
44 .8
44.5
442
76.6

10
61.6
60.8

4
59.1
61.6
61.6
61 6
61.4
44.8
44.8
445
443
76.3

70
61.2
61.8

5
58.5
61.6
62.7
61.8
61.6
45.2
44.6
44.3
44.2
76.9
69.3
61.4
60.8

Average

59.24
61.6
61.52
61.72
61.28
44.82
44.62
44 .48
44.16
76.06
70.32
61.36
61.24

15

SD

0.909945
0.282843
0.798123
0.109545
0.363318
0.248998
0.204939
0.109545
0.151658
2.025586
0.931128
0.167332
0.45607
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Appendix E DSC Results

Table EI 1¢ heating results with 3°c/min heating rate.
Sample Weigt Tg Tc Al Tm  Adm %Crystallinity

m% °C c J/9 C J/gi
neat PLA 8. 5.79 9844 4578 15515 -46.13 00039
PLAINR 83l 5615 9162 4201 1M3 4210 0.0010
PLA+307005 892 565 9117 4056 15464  -40.75 0.0021
PLA+406005 757 534 887 4170 15369 -41.74 0.0005
PLA+505005 7% 5447 9006 4197 15448 -4204 0.0007
PLA+505010 866 H476 8789 4024 1MI13 4034 00011
PLA+505015 818 MAM3 8122 4426 1M406 4455 00032
PLA+505020 165  S478 8668 4167 15543 4357 0.0208
PLA+604005 7136 5426 864 420 15476 -44.38 0.0019

PLA+/03005 8% 4% 8729 4603 1362 4647 00048
PLAtS09010+0.0clay 792 041 &% 5L/1 15267 5315 0024
PLAt05010+L0clay 85/ 5225 8912 4249 15599 4556 00338
PLAt505010+L5clly 904 4927 8448 5117 1534 5L 00007
PLA+505010+20clay ~ 7.78 5102 8654 5741 187 5755 00016

Table E2 2rd heating results with 3°c/min heating rate.
Sample Weight Tg Tc A Tm  Adm %Crystal Unity
m7g3 C C J/% C J

neat PLA 873 5667 10082 528 15% % 00012
PLANR 83l 5234 W6l M8l 1439 B0 000
PLA+307005 82 4831 %5 4B 15249 0L 01102
PLA+406005 B 455 %75 5L9T 183%  H662 005l
PLA+505005 1% 549 10642 4823 15508 4831 0.0009
PLA+505010 806 466 9188 5253 1077 K423 00187
PLA+505015 818 4864 9359 4636 1048 5% 017
PLA+505020 165 534 10248 5158 1548 -h339 00199
PLA+604005 136 4364 863 189 477 6006 04512
PLA+703005 8% 4993 9388 5824 15256 6566  008IS

PLA+505010+05clay 792 4900 9851 5810 15033 -5953 Q0157

PLAtS05010+41 Ocldy 857 5366 10803 5205 15509 -5221  0Q.0018

PLA+S05010+Loclay 904 4266 9066 2573 14572 M4l 03126

PLAt05010+20clay ~ 7.78 4461 9089 1646 14779 -6555  053%
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Figure E4 DCS Thermogram of PLA/406005 blend.
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Figure E5 DCS Thermogram of PLA/505005 blend.
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Figure E6 DCS Thermogram of PLA/505010 blend.
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Figure E7pcs Thermogram of PLA/505015 blend.
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Figure E8 DCS Thermogram of PLA/505020 blend.
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Figure E10 DCS Thermogram of PLA/703005 blend.
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Figure EIl DcS Thermogram of PLA/505010 nanocom posites with 0.5% wt. clay.
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Figure E12 DCS Thermogram of PLA/505010 nanocomposites with 1.0% wt. clay.
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Figure E14 DCS Thermogram of PLA/505010 nanocomposites with 2.0% wt. clay.
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Appendix F Tensile Testing Results

Table FI Average Specimens Dimension.

. W idth Thickness
specimens mm] mm]
value SD value SD
neat PLA 14.14 0.81 4.04 0.03
PLA+NR 14.04 0.73 411 0.07

PLA+307005 14.04 0.72 4.03 0.04
PLA+406005 14.06 0.77 4.02 0.02
PLA+505005 14.02 0.80 3.99 0.02
PLA+505010 13.64 1.04 4.04 0.07
PLA+505010+0.5  14.14 117 3.96 0.01
PLA+505010+1.0  13.16 0.27 3.99 0.02
PLA+505010+15  13.42 0.65 3.95 0.02
PLA+505010+2.0  14.17 1.19 3.97 0.02
PLA+505015 13.61 0.73 3.95 0.02
PLA+505020 13.11 0.32 3.99 0.07
PLA+604005 13.25 0.75 4.02 0.02
PLA+703005 12.97 0.35 4.00 0.05

Table F2 Tensile testing results and standard deviation.
Modulus Young's  Stress at Max Load  Strain at Break  Energy at Break

Specimens [MPa] [N/mmAZ] [mm/mm] 1]
value SD value SD value SD value SD

neat PLA 1304.74 2836 59.52 0.11 0.08  0.006 8.72 0.17

PLA+NR 992.04 1544  34.18 0.64 0.05  0.006 3.44 0.38

PLA+307005 105045 2323  39.12 0.90 005 85E-18 327 0.13
PLA+406005 - 108765  9.82 42.00 0.26 0.06 0 4.24 0.27
PLA+505005 1081.02 1540  40.98 0.42 005 8.5E-18  3.68 0.12
PLA+505010 1064.69 28.78  37.37 0.95 005 85E-18 273 031
PLA+505010+0.5 122489 3263  22.71 0.65 0.02 0 0.67 0.04
PLA+505010+1.0 1242.92 2393  40.72 0.29 0.04 0 2.31 0.05
PLA+505010+1.5 1187.94 3345 15.42 0.52 0.02 0 0.33 0.04
PLA+505010+2.0 129320  48.95 12.01 0.44 0.01 0 0.19 0.01
PLA+505015 1080.59  26.92 4111 0.10 0.06  0.006 3.97 0.55
PLA+505020 1101.05  7.86 42.49 0.44 0.07 0 5.05 0.08
PLA+604005 1083.63  28.70  36.00 0.88 0.04 0 2.02 0.16
PLA+703005 116119 2371 4321 0.94 0.05 8.5E-18 295 0.09
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Appendix G Standard of Specimens Dimension

ASTM-D256: Impact testing
Rectangular shape specimens with dimension 64 X 12.7 X 3.2 mm

ASTM-D638 type I: Tensile testing
Dog hone shape specimens with gauge length dimension 57 X 13 x3.2
mm with overall length at 165 mm and width at 19 mm.
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