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APPENDICES

Appendix A Monmorillonite Clay, PK-810

Table A1 Typical chemical analysis of montmorillonite

Element Percentage
Si02 71.89

AI2O3 14.32
Na20 5.09
k 2o 0.15
MgO 5.60
CaO 0.13

Fe20 3 2.75
Ti02 0.07
ToTal 100

Table A2 Physical analysis of montmorillonite

Physical properties
pH 10.43

Specific gravity (g/cm3) ~2
Average particle size (pm) 1.17

CEC (meq/100 g) 102
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Appendix B Types of Adsorption Isotherm and Hysteresis Loop

Figure B1 Types of adsorption isotherm according to BDDT classification.

Relative pressure, P/Po

Figure B2 Types of hysteresis loop according to De Boer classification.

Relative pressure, P/Po

Figure B3 Types of hysteresis loop according to IUPAC classification.
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Appendix c  Data of Mechanical Properties of PLA nanocomposites with 
various VCI contents

Table Cl Young’ร modulus (MPa) of PLA nanocomposites with various VCI 
contents

Sample l 2 3 4 5 AV. SD.
PLA 2562.48 2758.76 2565.58 2699.05 2623.57 2641,89 85.72
PLA/5%wt
PEG 1862.53 1837.50 1742. II 1690.12 1625.19 1751.49 99.42

PLA/5%wt
PEG/l%wt
PCH

1908.67 2021.97 2H8.45 1998.68 1950.58 1999.67 79.53

PLA/5%wt
PEG/l%wt
Magnetic
PCH

1976.52 2064.14 2053.42 1897.17 2027.60 2003.77 68.53

PLA/5%wt
PEG/l%wt
Magnetic
PCH-
20% wt
VCI

2159.70 2013.80 2181.65 2191.34 2027.37 2114.77 77.70

PLA/5%wt
PEG/1%W1
Magnetic
PCH-
40%wt
VCI

1839.64 1811.25 1962.55 1988.73 1977.29 1915.89 83.69
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Sample 1 2 3 4 5 AV. SD.
PLA/5%wt
PEG/l%wt
Magnetic
PCH-
60%wt
VCI

1853.51 1921.90 1882.51 1744.03 2005.02 1881.39 95.62

PLA/5%wt
PEG/l%wt
Magnetic
PCH-
80%wt
VCI

1731.62 1637.92 1808.51 1855.76 1732.15 1753.19 83.33



I l l

Table C2 Tensile strength (MPa) of PLA nanocomposites with various VCI
contents

Sample 1 2 3 4 5 AV. SD.
PLA 8.54 8.01 10.11 10.96 8.96 9.32 1.20

PLA/5%wt PEG 10.81 9.72 10.75 9.18 9.22 9.93 0.80

PLA/5%wt 
PEG/l%wt PCH

7.75 8.56 9.70 7.19 7.83 8.21 0.97

PLA/5%wt 
PEG/l%wt 
Magnetic PCH

9.65 9.14 8.70 8.75 9.55 9.16 0.44

PLA/5%wt 
PEG/l%wt 
Magnetic PCH- 
20%wt VCI

9.07 9.30 8.75 8.88 8.62 8.93 0.24

PLA/5%wt 
PEG/l%wt 
Magnetic PCH- 
40%wt VCI

7.73 8.54 8.93 8.71 8.98 8.58 0.50

PLA/5%wt 
PEG/l%wt 
Magnetic PCH- 
60%wt VCI

7.52 7.39 8.73 8.77 9.15 8.31 0.80

PLA/5%wt 
PEG/I%wt 
Magnetic PCH- 
80%wt VCI

7.77 8.38 7.90 7.48 8.21 7.95 0.36
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Table C3 Elongation at break (%) of PLA nanocomposites with various VCI
contents

Sample 1 2 3 4 5 AV. SD.
PLA 3.52 3.26 3.51 3.19 3.42 3.38 0.15

PLA/5%wt PEG 4.18 5.04 4.61 4.40 4.41 4.53 0.32

PLA/5%wt 
PEG/l%wt PCH

4.50 4.93 5.03 4.23 5.15 4.77 0.39

PLA/5%wt 
PEG/l%wt Magnetic 
PCH

4.72 4.14 4.76 4.26 3.99 4.37 0.34

PLA/5%wt 
PEG/l%wt Magnetic 
PCH-20%wt VCI

3.96 4.14 4.47 4.37 4.45 4.28 0.20

PLA/5%wt 
PEG/l%wt Magnetic 
PCH-40%wt VCI

4.41 3.98 4.25 3.96 4.30 4.18 0.20

PLA/5%wt 
PEG/l%wt Magnetic 
PCH-60%wt VCI

3.88 4.26 4.00 3.93 4.32 4.08 0.20

PLA/5%wt 
PEG/l%wt Magnetic 
PCH-80%wt VCI

3.67 3.75 3.95 4.30 4.37 3.99 0.30
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Appendix D Data of Mechanical Properties of PLA nanocomposites with 
various Magnetic PCH-40%wt VCI contents

Table D1 Young’s modulus (MPa) of PLA nanocomposites (5% PEG) with various 
Magnetic PCH-40%wt VCI contents

Sample 1 2 3 4 5 AV. SD.

1% 1839.6 181L2 1962.5 1988.7 1977.2 1915.8 83.6

2% 1822.7 1909.6 1876.2 1839.3 1972.2 1884.0 53.3

3% 1939.2 1894:2 1912.2 1778.6 1799.2 1864.7 71.3

4% 1729.5 1873.8 1902.4 1801.4 1686.5 1798.7 91.9

5% 1721.8 1697.4 1646.2 1620.6 1728.9 1683.0 47.6



114

Table D2 Tensile strength (MPa) of PLA nanocomposites (5% PEG) with various
Magnetic PCH-40%wt VCI contents

Sample 1 2 3 4 5 AV. SD.
1% wt Magnetic 
PCH-40% VCI 7.73 8.54 8.93 8.71 8.98 8.58 0.50

2% wt Magnetic- 
PCH-40% VCI. 7.53 7.94 6.95 7.43 7.02 7.37 0.36

3% wt Magnetic 
PCH-40% v c i  ' 7.63 7.55 6.94 7.49 6.57 7.24: 0.46

4% wt Magnetic 
PCH-40% VCI 6.66 7.03 6.37 7.81 6.41 6.86 0.59

5% wt Magnetic 
PCH-40% VCI 5.51 6.10 5.64 6.51 6.18 5.99 0.41
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Table D3 Elongation at break (%) of PLA nanocomposites with various Magnetic
PCH-40%wt VCI contents

Sample 1 2 3 4 5 AV. SD.

1 % wt Magnetic 
PCH-40% VCI 4.41 3.98 4.25 3.96 4.30 4.18 0.20

2% wt Magnetic 
PCH-40% VCI 3.45 3.64 3.71 3.46 3.25 3.50 0.16

3% wt Magnetic 
PCH-40% VCI 3.36 3.11 3.11 2.94 3.58 3.22 0.25

4% wt Magnetic 
PCH-40% VCI 2.87 2.37 2.78 3.25 3.23 2.90 0.36

5% wt Magnetic 
PCH-40% VCI 2.04 3.05 3.04 2.02 2.05 2.44 0.55
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Appendix E Oxygen Gas Permeability (cc/m2 .d) of PLA nanocomposites

Table El Oxygen Gas Permeability Constant (cc/m2.d) of PLA nanocomposites

Sample 1st Sample 2nd Sample AV.
PLA 112.0 95.1 103.5
PLA/5%wt PEG 101.0 84.7 92.7
PLA/5%wt PEG/l%wt PCH 95.7 84.3 90.0
PLA/5%wt PEG/l%wt Magnetic PCH 90.2 88.5 89.4
PLA/5%wt PEG/l%wt Magnetic 
PCH-40%wt VCI

85.9 88.9 87.4

PLA/5%wt PEG/2%wt Magnetic 
PCH-40%wt VCI

87.1 81.4 84.2

PLA/5%wt PEG/3%wt Magnetic 
PCH-40%wt VCI

87.9 80.4 84.2

PLA/5%wt PEG/4%wt Magnetic 
PCH-40%wt VCI

88.9 72.9 80.9

PLA/5%wt PEG/5%wt Magnetic 
PCH-40%wt VCI

78.8 68.9 73.8
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Appendix F Moisture Permeability (g/m2 .d) of PLA nanocomposites

Table FI Moisture Permeability Constant (g/m2.d) of PLA nanocomposites

Sample 1st Sample 2nd Sample AV.
PLA 56.22 68.55 62.4
PLA/5%wt PEG 51.30 51.3 51.3
PLA/5%wt PEG/r/owt PCH 48.07 47.98 48.0
PLA/5%wt PEG/l%wt Magnetic 
PCH

45.98 44.98 45.5

PLA/5%wt PEG/l%wt Magnetic 
PCH-40%wt VCI

40.99 43.02 42.0

PLA/5%wt PEG/2%wt Magnetic 
PCH-40%wt VCI

40.84 40.77 40.8

PLA75%wt PEG/3%wt Magnetic 
PCH-40%wt VCI

39.29 36.10 37.7

PLA/5%wt PEG/4%wt Magnetic 
PCH-40%wt VCI

38.05 35.48 36.8

PLA/5%wt PEG/5%wt Magnetic 
PCH-40%wt VCI

31.68 34.28 33.0
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Appendix G Data of Mechanical Properties of blown film PLA/5%wt 
PEG/l%wt Magnetic PCH-40%wt VCI

Table G1 Mechanical Properties of blown film PLA/5%wt PEG/l%wt Magnetic 
PCH-40%wt VCI by Blow Film Molding

Sample young's modulus 
(MPa)

Tensile strength 
(MPa)

Elongation at break 
(%)

1 8750.47 30.90 5.62
2 8750.95 30.47 4.51
3 8691.11 30.28 5.40
4 8882.71 31.38 4.69
5 8905.08 30.32 4.26
Average 8796.06 30.67 4.89
SD 92.90 0.42 0.58

Blow Film Molding Condition
- Temperature : 70, 140, 140, 140 and 145°c from hopper to die, respectively
- Screw speed : 40 rpm
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