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TGA Thermogram

1
%] B0 YAPLAA0
PLA40420, B892 mg PLe4dA20), € 2907 my
100 Y e
R
0+
60+
0.02
1~C
40 4
20 1
04
10 0 w P 0 o m o 0 «
Lab: METTLER STAR® SW 10.00
2.
90:10
10 phr
% IRALALLDPE AGMA 9-E000/10/ 100ty USRALALIFEF DM gEOIA0 Y
PLAALOPE /GVA-g-E0CSY10/10p v, 8.4221 mg AL L8 RO DY, B 421 reg
100 TN R LRGP =
804
0
oo
1~C
40 4
20
0
T T T T T T T T T
100 20 300 “0 500 600 700 800 200 o
STAR® SW 10.00



107
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90:10 |
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90:10
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DSC Thermogram
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90:10

10 phr ' 1 phr
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90:10

Average

PLA

5.8

5.7

5.8

5.7

5.9
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10 phr

PLA/LL/mPOE
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135
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14.2
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Sample

Max

Min

Average

SD

MD

Tensile strength

(MPa)

40.820

39.599

41.990

39.864

40.419

41.990

39.599

40.539

0.940

Tensile Modulus

(MPa)

1945.038

1846.320

1959.853

2000.913

1881.941

2000.913

1846.320

1926.813

62.063

Elongation at Break

(%)

10.355

13.443

12.872

9.597

12.059

13.443

9.597

11.665

1.640

112



1.2 TD

Tensile Strength

Sample

(MPa)

1 34.011

2 35.745

3 34.089

4 33.664
5 36.810
Max 36.810
Min 33.664
Average 34.864
1.353

Tensile Modulus

(MPa)

1699.426

1596.449

1804.432

1615.260

1761.445

1804.432

1596.449

1695.402

90.110

113

Elongation at Break

(%)

12.176

0.888

8.718

7.700

5.943

12.176

5.943

8.885

2.340
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Sample

Max

Min

Average

PLA/LL/MPOE

MD

Tensile Strength

(MPa)

45.738

44.142

43.275

45.060

44.242

45.738

43.275

44.491

0.941

Tensile Modulus

(MPa)

2077.513

2146.229

2101.764

2057.672

2146.229

2146.229

2057.672

2105.881

40.005

Elongation at Break

(%)

75.793

82.443

73.143

72.355

83.536

83.536

72.355

77.454

5.225

114
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2.2 TD
Tensile Strength Tensile Modulus Elongation at Break
Sample
(MPa) (MPa) (%)
1 34.011 1699.426 12.176
2 35.745 1596.449 9.888
3 34.089 1804.432 8.718
4 33.664 1615.260 7.700
5 36.810 1761.445 5.943
Max 36.810 1804.432 12.176
Min 33.664 1596.449 5.943
Average 34.864 1695.402 8.885

1.353 90.110 2.340



31

Sample

Max

Min

Average

SD

PLA/LL/mPOE/MLS 0.5 phr

MD

Tensile strength

(MPa)

46.421

49.051

48.686

47.191

48.616

49.051

46.421

47.993

1.129

Tensile Modulus

(MPa)

2233.501

2438.062

2266.224

2330.993

2100.424

2438.062

2100.424

2273.841

124.492

Elongation at Break

(%)

66.984

62.111

60.888

65.284

59.112

66.984

59.112

62.876

3.216

116



3.2

Sample

Max

Min

Average

SD

TD

Tensile Strength

(MPa)

42.564

41.366

39.358

39.655

40.070

42.564

39.358

40.603

1.337

Tensile Modulus

(MPa)

1998.675

2132.030

1893.507

2055.900

2087.827

2132.030

1893.507

2033.588

92.157

Elongation at Break

(%)

47.306

52.200

50.141

47.859

49.155

52.200

47.306

49.332

1.948

117
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Sample

Max

Min

Average

SD

PLA/LL/mPOE/MLS 1 phr

MD

Tensile Strength

(MPa)

52.817

50.564

54.912

51.651

49.695

54.912

49.695

51.928

2.038

Tensile Modulus

(MPa)

2471.616

2572.637

2416.581

2493.684

2397.026

2572.637

2397.026

2470.309

69.419

Elongation at Break

(%)

58.506

61.688

59.300

57.329

63.258

63.258

57.329

60.016

2.4144

118



4.2

Sample

Max

Min

Average

D

Tensile strength

(MPa)

40.985

41.154

43.913

41.270

42.809

43.913

40.985

42.026

1.283

Tensile Modulus

(MPa)

2251.600

2339.9933

2374.288

2434.493

2142.025

2434.493

2142.025

2308.480

114.177

Elongation at Break

(%)

46.875

50.038

48.146

47.327

47.184

50.038

46.875

47.914

1.276

119
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Sample

Max

Min

Average

SD

PLA/LL/mMPOE/MLS 3 phr

MD

Tensile Strength

(MPa)

47.815

43.944

44.204

45.102

45.964

47.815

43.944

45.406

1.564

Tensile Modulus

(MPa)

1988.179

2043.277

2100.915

2181.080

2087.220

2181.080

1988.179

2080.134

71.565

Elongation at Break

(%)

33.891

34.078

35.003

30.778

33.343

35.003

30.778

33.419

1.592

120



5.2

Sample

Max

Min

Average

TD

Tensile strength

(MPa)

38.487

37.773

39.912

38.049

41.842

41.842

37.773

39.213

1.684

Tensile Modulus

(MPa)

1769.495

1868.064

1997.734

1617.747

1677.389

1997.734

1617.747

1786.086

151.611

Elongation at Break

(%)

28.351

24.125

30.952

25.075

26.739

30.952

24.125

27.048

2.714

121



11

Sample

Max

Min

Average

SD

PLA-PLA/LL/mPOE

MD

Tensile Strength

(MPa)

50.866

48.434

50.139

51.976

51.172

51.976

48.434

50.517

1.337

Tensile Modulus

(MPa)

2222.060

2301.172

2232.608

2402.156

2416.543

2416.543

2222.060

2314.908

91.548

PLA

Elongation at Break

(%)

55.565

56.684

56.036

55.787

54.225

56.684

54.225

55.660

0.904

122
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Sample

Max

Min

Average

TD

Tensile Strength

(MPa)

41.689

38.434

40.139

41.976

42.172

42.172

38.434

40.882

1.585

Tensile Modulus

(MPa)

2101.060

2079.172

2132.608

2032.156

2006.543

2132.608

2006.543

2070.308

51.056

Elongation at Break

(%)

46.565

46.684

46.336

48.225

45.993

46.684

45.993

46.761

0.859

123
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Sample

Max

Min

Average

;om PLA-PLA/LL/MPOE/MLS 0.5 phr

MD

Tensile strength

(MPa)

53.348

54.631

56.438

56.954

56.254

56.954

53.348

55.525

1.495

Tensile Modulus

(MPa)

2485.459

2458.845

2396.191

2573.740

2530.882

2573.740

2396.191

2489.023

67.952

Elongation at Break

(%)

51.597

50.063

50.164

53.343

53.813

53.813

50.063

51.796

1.744

124



2.2

Sample

Max

Min

Average

SD

TD

Tensile Strength

(MPa)

39.439

41.792

42.54

43.923

41.476

43.923

39.439

41.835

1.638

Tensile Modulus

(MPa)

2016.491

2231.431

2161.936

2258.938

1987.578

2258.938

1987.578

2131.275

123.585

Elongation at Break

(%)

44.460

45.024

44.124

45.110

44.213

45.110

44.124

44.586

0.456

125
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PLA-PLA/LL/MPOE/MLS 1 phr

31 MD
Tensile Strength Tensile Modulus Elongation at Break
Sample
(MPa) (MPa) (%)
1 61.161 2692.895 48.739
2 59.625 2638.098 47.669
3 57.386 2606.844 47.112
4 58.7756 2495.766 49.530
5 58.758 2580.765 49.910
Max 61.161 2692.895 49.910
Min 57.386 2495.766 47.112
Average 59.141 2602.874 48.592

1.385 73.008 1101



3.2

Sample

Max

Min

Average

SD

TD

Tensile Strength

(MPa)

46.514

41.084

43.807

41.916

40.590

46.514

40.590

42.782

2.4195

Tensile Modulus

(MPa)

2396.745

2279.600

2362.664

2077.803

2319.575

2396.745

2077.803

2287.278

125.147

Elongation at Break

(%)

42.623

41.097

42.906

41.583

41.641

42.906

41.097

41.970

0.761

127
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1 , PLA-PLA/LL/mPOE/MLS 3 phr
41 MD
Tensile strength Tensile Modulus Elongation at Break
Sample
(MPa) (MPa) (%)
1 43.339 2183.401 31.560
2 48.649 1688.094 33.468
3 46.197 2091.196 28.904
4 51.181 2169.129 29.188
5 42.068 1866.808 31.935
Max 51.181 2183.401 33.468
Min 42.068 1688.094 28.904
Average 46.287 1999.726 31.011

SD 3.742 215.396 1.933
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4.2 ID
Tensile strength Tensile Modulus Elongation at Break
Sample
(MPa) (MPa) (%)
1 43.339 2243.401 33.560
2 41.649 2129.094 33.468
3 42.197 2091.196 34.904
4 41.081 2269.129 32.188
5 43.068 2036.808 34.435
Max 43.339 2269.129 34.904
Min 41.081 2036.808 32.188
Average 42.267 2153.926 33.711

0.946 99.430 1.042



11

Sample

Max

Min

Average

LL-PLA/LL/mPOE

MD

Tensile Strength

(MPa)

40.100

43.566

42.859

41.285

42.609

43.566

40.100

42.084

1.382

Tensile Modulus

(MPa)

1995.170

2016.569

2105.474

2040.626

1932.561

2105.474

1932.561

2018.080

63.219

LLDPE

Elongation at Break

(%)

79.829

78.658

81.621

79.486

80.747

81.621

78.658

80.068

1.146

130



12

Sample

Max

Min

Average

SD

TD

Tensile strength

(MPa)

36.679

37.032

36.156

36.823

35.482

37.032

35.482

36.435

0.623

Tensile Modulus

(MPa)

1783.156

1715.539

1849.547

1670.593

1802.56

1849.547

1670.593

1764.280

71.143

Elongation at Break

(%)

56.084

55.559

56.843

57.379

55.402

57.379

55.402

56.254

0.844

131
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Sample

Max

Min

Average

SD

LL-PLA/LL/mPOE/MLS 0.5 phr

MD

Tensile Strength

(MPa)

45.989

43.489

44.807

46.705

46.116

46.705

43.489

45.421

1.281

Tensile Modulus

(MPa)

2195.917

2178.321

2031.224

2207.009

2165.796

2195.917

2031.224

2155.653

71.340

Elongation at Break

(%)

66.825

64.487

68.624

65.732

65.121

68.624

64.487

66.158

1.625

132
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2.2 TD
Tensile Strength Tensile Modulus Elongation at Break
Sample
(MPa) (MPa) (%)
1 39.305 1948.512 52.990
2 37.964 1909.235 53.280
3 38.950 1880.336 54.248
4 40.449 2010.639 51.906
5 39.159 2093.910 52.651
Max 40.449 2093.910 54.248
Min 38.950 1880.336 51.906
Average 39.165 1968.527 53.015

SD 0.888 85.422 0.859



31

Sample

Max

Min

Average

SD

LL-PLA/LL/MPOE/MLS 1 phr

MD

Tensile Strength

(MPa)

48.191

49.512

47.916

49.651

50.600

50.600

47.91610089

49.174

1.109

Tensile Modulus

(MPa)

2345.263

2396.352

2265.188

2472.257

2302.616

2472.257

2265.188

2356.335

81.171

Elongation at Break

(%)

64.499

65.348

63.296

65.383

66.198

66.198

63.296

64.945

1.100

134
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3.2 D
Tensile strength Tensile Modulus Elongation at Break
Sample
(MPa) (MPa) (%)
1 41.357 1968.341 50.890
2 41.204 2253.256 52.023
3 40.597 2142.050 51.247
4 42.000 2025.941 51.677
5 41.476 2045.325 51.978
Max 42.000 2253.256 52.023
Min 40.597 1968.341 50.890
Average 41.327 2086.982 51.563
0.505 112.045 0.487

T MUM ' *



136

LL-PLA/LL/mPOE/MLS 3 phr

4.1 MD
Tensile strength Tensile Modulus Elongation at Break
Sample
(MPa) (MPa) (%)
1 43.830 2095.836 45.679
2 40.095 2161.218 42.230
3 41.925 2081.098 43.486
4 42.898 2155.370 43.126
5 40.520 1989.291 43.613
Max 51.181 2161.218 45.679
Min 40.095 1989.291 42.230
Average 41.854 2096.563 43.627

SD 1571 69.616 1.268



4.2

Sample

Max

Min

Average

SD

TD

Tensile Strength

(MPa)

32.457

34.503

31.878

30.917

33.931

34.503

30.917

32.737

1.472

Tensile Modulus

(MPa)

1890.306

1621.229

1765.786

1502.312

1674.767

1890.306

1502.312

1690.880

146.671

Elongation at Break

(%)

38.807

36.643

33.320

35.803

35.012

38.807

33.320

35.917

2.028
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11 MD ‘ 1.2 TD
Sample Tear strength (MPa) Sample Tear strength (MPa)
1 0.220 1 0.391
2 0.191 2 0.348
3 0.211 3 0.396
4 0.204 4 0.3886
5 0.216 5 0.503
Max 0.220 Max 0.503
Min 0.191 Min 0.348
Average 0.208 Average 0.405

0.0114 SD 0.057



139

PLA/LL/mPOE
21 MD 2.2 TD

Sample Tear strength (MPa) Sample Tear Strength (MPa)

1 0.252 1 0.346

2 0.232 2 0.414

3 0.230 3 0.380

4 0.232 4 0.372

5 0.245 5 0.398

Max 0.252 Max 0.414

Min 0.230 Min 0.346

Average 0.238 Average 0.405

0.00981 0.0578



140

PLA/LL/MPOE/MLS 0.5 phr

31 MD 3.2 TD

Sample Tear Strength (MPa) Sample Tear Strength (MPa)

1 0.265 1 0.416

2 0.255 2 0.406

3 0.286 3 0.451

4 0.283 4 0.391

5 0.267 5 0.431

Max 0.286 Max 0.451

Min 0.255 Min 0.391

Average 0.271 Average 0.419

0.0130 0.0233



41

Sample

Max

Min

Average

SD

PLA/LL/mPOE/MLS 1 phr

MD

Tear strength (MPa)

0.295

0.314

0.261

0.282

0.271

0.314

0.261

0.285

0.0207

4.2

Sample

Max

Min

Average

SD

141

TD

Tear strength (MPa)

0.551

0.617

0.588

0.546

0.596

0.617

0.546

0.580

0.0303



51

Sample

Max

Min

Average

PLA/LL/mPOE/MLS 3 phr

MD

Tear Strength (MPa)

0.210

0.231

0.194

0.205

0.181

0.231

0.181

0.204

0.0187

Sample

Max

Min

Average

51

142

TD

Tear Strength (MPa)

0.293

0.275

0.234

0.293

0.281

0.293

0.234

0.275

0.0245



143

PLA
PLA-PLA/LL/mPOE
11 MD 1.2 TD
Sample Tear strength (MPa) Sample Tear Strength (MPa)

1 0.341 1 0.741

2 0.317 2 0.769

3 0.344 3 0.741

4 0.324 4 0.769

5 0.351 5 0.804
Max 0.351 Max 0.804
Min 0.317 Min 0.741
Average 0.335 Average 0.765

SD 0.014 SD 0.025



144

PLA-PLA/LL/mPOE/MLS 0.5 phr

21 MD 2.2 TD

Sample Tear Strength (MPa) Sample Tear Strength (MPa)

1 0.447 1 0.876

2 0.437 2 0.831

3 0.410 3 0.825

4 0.455 4 0.854

5 0.462 5 0.832

Max 0.462 Max 0.876

Min 0.410 Min 0.825

Average 0.442 Average 0.843

0.0201 0.0210



31

Sample

Max

Min

Average

SD

PLA-PLA/LL/MPOE/MLS 1 phr

MD

Tear strength (MPa)

0.453

0.523

0.484

0.495

0.421

0.523

0.421

0.475

0.0394

145

3.2 TD

Sample Tear Strength (MPa)

1 1.047

2 1.059

3 1.062

4 1.030

5 1.031
Max 1.062
Min 1.030
Average 1.046

0.0149



146

4. vl 1 ' PLA-PLA/LLIMPOE/MLS 3 phr
41 MD 4.2 TD
Sample Tear Strength (MPa) Sample Tear strength (MPa)
1 0.353 1 0.788
2 0.357 2 0.793
3 0.339 3 0.807
4 0.349 4 0.779
5 0.352 5 0.752
Max 0.357 Max 1.062
Min 0.339 Min 1.030
Average 0.350 Average 1.046

0.006 0.014



11

Sample

Max

Min

Average

LL-PLA/LL/mPOE

MD

Tear Strength (MPa)

1.262

1.247

1.242

1.261

1.251

1.262

1.242

1.253

0.009

147

LLDPE

1.2 D

Sample Tear Strength (MPa)

1 2.127

2 2.086

3 2.030

4 2.119

5 1.930
Max 2.127
Min 1.930
Average 2.0581
SD 0.081



148

2.1l LL-PLA/LL/mMPOE/MLS 0.5 phr
21 MD 2.2 TD

Sample Tear strength (MPa) Sample Tear strength (MPa)

1 1.524 1 2.251

2 1.532 2 2.275

3 1.517 3 2.244

4 1.4985 4 2.305

5 1.520 5 2.203

Max 1.532 Max 2.305

Min 1.498 Min 2.203

Average 1.518 Average 2.256

0.012 SD 0.037



149

LL-PLA/LL/mPOE/MLS 1 phr

31 MD 3.2 TD
Sample Tear Strength (MPa) Sample Tear Strength (MPa)
1 1512 1 2.680
2 1.623 2 2.657
3 1.593 3 2.728
4 1.581 4 2.704
5 1.526 5 2.739
Max 1.623 Max 2.739
Min 1.512 Min 2.657
Average 1.567 Average 2.702

SD 0.046 SD 0.033



4. vl

41

Sample

Max

Min

Average

SD

LL-PLA/LL/mPOE/MLS 3 phr

MD

Tear Strength (MPa)

1.412

1.447

1.402

1.451

1.420

1.451

1.402

1.426

0.021

Sample

Max

Min

Average

SD

4.2

150

TD

Tear Strength (MPa)

2.230

2.253

2.236

2.235

2.214

2.253

2.214

2.234

0.013
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15 .. 2532 '

2553

2554 2555
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