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A1. Sample Preparation

Figure A1.1 Glass mold (glass plate) with film coated

Figure A1.2 Ultrasonic bath, CREST model 575 HT
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Figure A1.3 Automatic film applicator, model PI-1210 with wire bar coating rod 
number 75 of Tester Sangyo Co., Ltd

Figure A1.4 Vacuum oven lsotemp®Vacuum oven model 282A, Fisher Scientific

A2. Physical properties

Figure A2.1 The Brookfield viscometer, Figure A2.2 A micrometer,
Peacock, model RVT, with spinner number 2 Model G, Japan
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Figure A2.3 Scanning electron microscope, JEOL JSM-5410LV, Japan

Figure A2.4 Macbeth Color-Eye 7000 spectrophotometer, Kollmorgen instruments 
Corporation

Figure A2.5 Bruker D8 Advance diffractometer
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Figure A2.6 An analytical balance, model AB204, Mettler Toledo Ltd.

A3. Mechanical property

Figure A3.1 Grips of tensile testing Figure A3.2 Universal testing
machine,
for plastic thin film model LLOYD LR 100 K,

LLOYD
instruments



A4. T he rm a l p ro p e r t ie s

Figure A4.2 Thermogravimetric Analyzer, TGA/SDTA 851a, Mettler Toledo Ltd.
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Water absorption

Table B1 The water absorption values (%) at 1 day immersed in water
Film Sample Condition Weight Wet Weight 1 day Weight increase (%)

[PET] Clay
type

Clay
content
(phr)

Trial No. Trial No. Trial No.
Mean SD

1 2 3 1 2 3 1 2 3

5 pure 0 0.0264 0.0137 0.0156 0.0266 0.0139 0.0159 0.7576 1.4599 1.9231 1.3802 0.59

A
1 0.0280 0.0447 0.0239 0.0280 0.0454 0.0239 0.0000 1.5660 0.0000 0.5220 0.90

3 0.0347 0.0154 0.0667 0.0349 0.0154 0.0667 0.5764 0.0000 0.0000 0.1921 0.33

5 0.0170 0.0673 0.0178 0.0175 0.0673 0.0179 2.9412 0.0000 0.5618 1.1677 1.56

B
1 0.0420 0.0399 0.0479 0.0422 0.0401 0.0482 0.4762 0.5013 0.6263 0.5346 0.08

3 0.0310 0.0250 0.0335 0.0313 0.0253 0.0338 0.9677 1.2000 0.8955 1.0211 0.16

5 0.0508 0.0420 0.0445 0.0513 0.0425 0.0450 0.9843 1.1905 1.1236 1.0994 0.11

7 pure 0 0.0275 0.0345 0.0228 0.0279 00347 0.0231 1.4545 0.5797 1.3158 1.1167 0.47

A
1 0.0288 0.0689 0.0468 0.0289 0.0692 0.0470 0.3472 0.4354 0.4274 0.4033 0.05

3 0.0567 0.0438 0.0532 0.0568 0.0439 0.0540 0.1764 0.2283 1.5038 0.6361 0.75

5 0.0350 0.0316 0.0195 0.0354 0.0319 0.0197 1.1429 0.9494 1.0256 1.0393 0.10

B
1 0.0199 0.0282 0.0206 0.0201 0.0283 0.0207 1.0050 0.3546 0.4854 0.6150 0.34

3 0.0353 0.0152 0.0293 0.0353 0.0152 0.0295 0.0000 0.0000 0.6826 0.2275 0.39

5 0.0326 0.0231 0.0334 0.0329 0.0231 0.0336 0.9202 0.0000 0.5988 0.5063 0.47

9 pure 0 0.0256 0.0337 0.0320 0.0259 0.0340 0.0325 1.1719 0.8902 1.5625 1.2082 0.34

A
1 0.0421 0.0365 0.0355 0.0422 0.0369 0.0357 0.2375 1.0959 0.5634 0.6323 0.43

3 0.0382 0.0239 0.0413 0.0383 0.0242 0.0413 0.2618 1.2552 0.0000 0.5057 0.66

5 0.0178 0.0185 0.0246 0.0178 0.0188 0.0248 0.0000 1.6216 0.8130 0.8115 0.81

B
1 0.0298 0.0290 0.0192 0.0301 0.0292 0.0193 1.0067 0.6897 0.5208 0.7391 0.25

3 0.0315 0.0334 0.0302 0.0315 0.0334 0.0303 0.0000 0.0000 0.3311 0.1104 0.19

5 0.0330 0.0349 0.0401 0.0333 C.0352 0.0403 0.9091 0.8596 0.4988 0.7558 0.22
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Tab le  B2 T he  w a te r  a b so rp tio n  v a lu e s  (% ) a t 2 d a y  im m e rse d  in w a te r

Film Sample Condition Weight Wet Weight 2 days Weight increase (%)

[PET] Clay
type

Clay
content
(phr)

Trial No. Trial No. Trial No.
Mean SD

1 2 3 1 2 3 1 2 3

5 pure 0 0.0264 0.0137 0.0156 0.0265 0.0139 0.0159 0.3788 1.4599 1.9231 1.2539 0.79

A
1 0.0280 0.0447 0.0239 0.0281 0.0453 0.0240 0.3571 1.3423 0.4184 0.7059 0.55

3 0.0347 0.0154 0.0667 0.0352 0.0154 0.0668 1.4409 0.0000 0.1499 0.5303 0.79

5 0.0170 0.0673 0.0178 0.0173 0.0674 0.0179 1.7647 0.1486 0.5618 0.8250 0.84

B
1 0.0420 0.0399 0.0479 0.0424 0.0401 0.0480 0.9524 0.5013 0.2088 0.5541 0.37

3 0.0310 0.0250 0.0335 0.0313 0.0252 0.0337 0.9677 0.8000 0.5970 0.7883 0.19

5 0.0508 0.0420 0.0445 0.0514 0.0426 0.0451 1.1811 1.4286 1.3483 1.3193 0.13

7 pure 0 0.0275 0.0345 0.0228 0.0278 0.0348 0.0231 1.0909 0.8696 1.3158 1.0921 0.22

A
1 0.0288 0.0689 0.0468 0.0289 0.0690 0.0472 0.3472 0.1451 0.8547 0.4490 0.37

3 0.0567 0.0438 0.0532 0.0572 0.0439 0.0539 0.8818 0.2283 1.3158 0.8086 0.55

5 0.0350 0.0316 0.0195 0.0353 0.0321 0.0198 0.8571 1.5823 1.5385 1.3260 0.41

B
1 0.0199 0.0282 0.0206 0.0201 0.0283 0.0207 1.0050 0.3546 0.4854 0.6150 0.34

3 0.0353 0.0152 0.0293 0.0355 0.0154 0.0294 0.5666 1.3158 0.3413 0.7412 0.51

5 0.0326 0.0231 0.0334 0.0333 0.0232 0.0337 2.1472 0.4329 0.8982 1.1594 0.89

9 pure 0 0.0256 0.0337 0.0320 0.0258 0.0344 0.0324 0.7812 2.0772 1.2500 1.3695 0.66

A
1 0.0421 0.0365 0.0355 0.0423 0.0368 0.0357 0.4751 0.8219 0.5634 0.6201 0.18

3 0.0382 0.0239 0.0413 0.0383 0.0245 0.0415 0.2618 2.5105 0.4843 1.0855 1.24

5 0.0178 0.0185 0.0246 0.0180 0.0190 0.0249 1.1236 2.7027 1.2195 1.6819 0.89

B
1 0.0298 0.0290 0.0192 0.0300 0.0292 0.0193 0.6711 0.6897 0.5208 0.6272 0.09

3 0.0315 0.0334 0.0302 0.0317 00337 0.0303 0.6349 0.8982 0.3311 0.6214 0.28

5 0.0330 0.0349 0.0401 0.0334 0.0352 0.0402 1.2121 0.8596 0.2494 0.7737 0.49
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T ab le  B 3  T he  w a te r a b so rp tio n  va lu e s  (% ) a t 14 d a y  im m e rse d  in w a te r

Film Sample Condition Weight Wet Weight 14 days Weight increase (%)

[PET] Clay
type

Clay
content

(phr)

Trial No. Trial No. Trial No.
Mean SD

1 2 3 1 2 3 1 2 3

5 pure 0 0.0264 0.0137 0.0156 0.0265 0.0139 0.0159 0.3788 1.4599 1.9231 1.2539 0.79

A
1 0.0280 0.0447 0.0239 0.0281 0.0454 0.0239 0.3571 1.5660 0.0000 0.6410 0.82

3 0.0347 0.0154 0.0667 0.0351 0.0154 0.0668 1.1527 0.0000 0.1499 0.4342 0.63

5 0.0170 0.0673 0.0178 0.0173 0.0674 0.0179 1.7647 0.1486 0.5618 0.8250 0.84

B
1 0.0420 0.0399 0.0479 0.0424 0.0401 0.0480 0.9524 0.5013 0.2088 0.5541 0.37

3 0.0310 0.0250 0.0335 0.0312 0.0252 0.0337 0.6452 0.8000 0.5970 0.6807 0.11

5 0.0508 0.0420 0.0445 0.0514 0.0424 0.0450 1.1811 0.9524 1.1236 1.0857 0.12

7 pure 0 0.0275 0.0345 0.0228 0.0278 0.0348 0.0230 1.0909 0.8696 0.8772 0.9459 0.13

A
1 0.0288 0.0689 0.0468 0.0288 00690 0.0472 0.0000 0.1451 0.8547 0.3333 0.46

3 0.0567 0.0438 0.0532 0.0570 00438 0.0539 0.5291 0.0000 1.3158 0.6150 0.66

5 0.0350 0.0316 0.0195 0.0354 0 0321 0.0198 1.1429 1.5823 1.5385 1.4212 0.24

B
1 0.0199 0.0282 0.0206 0.0201 0.0284 0.0207 1.0050 0.7092 0.4854 0.7332 0.26

3 0.0353 0.0152 0.0293 0.0355 0.0154 0.0295 0.5666 1.3158 0.6826 0.8550 0.40

5 0.0326 0.0231 0.0334 0.0333 0.0232 0.0336 2.1472 0.4329 0.5988 1.0596 0.95

9 pure 0 0.0256 0.0337 0.0320 0.0258 0.0343 0.0324 0.7812 1.7804 1.2500 1.2706 0.50

A
1 0.0421 0.0365 0.0355 0.0423 0.0368 0.0357 0.4751 0.8219 0.5634 0.6201 0.18

3 0.0382 0.0239 0.0413 0.0383 0.0245 0.0415 0.2618 2.5105 0.4843 1.0855 1.24

5 0.0178 0.0185 0.0246 0.0181 0.0190 0.0249 1.6854 2.7027 1.2195 1.8692 0.76

B
1 0.0298 0.0290 0.0192 0.0301 0.0291 0.0193 1.0067 0.3448 0.5208 0.6241 0.34

3 0.0315 0.0334 0.0302 0.0317 0.0338 0.0304 0.6349 1.1976 0.6623 0.8316 0.32

5 0.0330 0.0349 0.0401 0.0334 0.0352 0.0402 1.2121 0.8596 0.2494 0.7737 0.49



108

A P P E N D IX  c
MECHANICAL PROPERTIES CHARACTERIZATION

Table C1 Tensile modulus (MPa) of PET hybrid films (Machine Direction: MD)

Formula
Sample Trial No.

Mean SD
Code 1 2 3 4 5

1 5 PET-0 378.09 378.13 417.29 425.28 419.06 403.57 22.1
2 5PET-A1 486.59 751.58 526.71 458.43 463.11 537.28 115.8
3 5PET-A3 490.04 427.22 414.26 385.77 355.88 414.63 47.4
4 5PET-A5 243.14 317.52 327.36 327.22 298.46 302.74 33.3
5 5PET-B1 858.49 506.38 692.92 598.50 610.06 653.27 124.8
6 5PET-B3 331.81 360.69 352.74 267.50 397.10 341.97 45.1
7 5PET-B5 308.53 364.81 355.23 327.63 379.98 347.24 27.2
8 7PET-0 448.40 562.91 531.82 520.31 420.09 496.71 56.5
9 7PET-A1 725.30 732.53 692.74 663.25 759.88 714.74 35.3
10 7PET-A3 962.73 865.22 920.78 870.32 857.72 895.35 42.5
11 7PET-A5 527.98 476.04 531.25 503.23 591.51 526.00 40.4
12 7PET-B1 537.82 448.97 498.77 453.78 397.84 467.44 50.1
13 7PET-B3 755.74 671.37 573.74 492.34 453.03 589.24 118.0
14 7PET-B5 380.87 563.65 437.95 684.58 605.75 534.56 116.8
15 9PET-0 547.61 552.06 620.87 613.92 544.31 575.75 36.0
16 9PET-A1 588.75 679.93 632.12 572.96 553.66 605.48 47.8
17 9PET-A3 467.81 614.43 426.16 358.15 367.16 446.74 97.9
18 9PET-A5 453.05 497.42 516.90 489.00 434.10 478.09 31.8
19 9PET-B1 654.06 569.18 642.97 564.69 528.38 591.86 51.1
20 9PET-B3 802.16 877.49 861.47 850.84 806.82 839.76 31.7
21 9PET-B5 534.70 518.41 580.38 559.60 589.66 556.55 28.3
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Table C2 Tensile modulus (MPa) of PET hybrid films (Transverse Direction: TD)

Formula Sample
Code

Trial No.
Mean รอ

1 2 3 4 5

1 5PET-0 419.89 402.62 400.38 279.13 354.86 371.38 53.7

2 5PET-A1 317.01 251.53 259.39 310.11 357.91 299.19 41.5

3 5PET-A3 593.06 390.00 400.69 416.69 531.88 466.46 85.6

4 5PET-A5 222.83 235.94 222.92 243.91 270.92 239.30 18.7

5 5PET-B1 865.39 700.94 738.10 825.93 685.40 763.15 74.4

6 5PET-B3 414.41 382.08 449.89 331.07 275.05 370.50 65.0

7 5PET-B5 308.08 322.01 428.25 357.47 364.30 356.02 44.1

8 7PET-0 639.48 598.57 614.17 460.63 833.64 629.30 126.0

9 7PET-A1 950.04 936.35 878.64 720.12 865.44 870.12 86.1

10 7PET-A3 782.72 761.54 706.02 658.54 612.88 704.34 66.5

11 7PET-A5 342.94 371.69 361.73 341.11 335.87 350.67 14.4

12 7PET-B1 698.74 720.49 714.28 554.70 561.47 649.94 79.4

13 7PET-B3 558.14 631.03 656.09 735.17 751.53 666.39 74.6

14 7PET-B5 511.51 518.79 513.12 581.31 578.96 540.74 34.0

15 9PET-0 517.05 569.51 577.29 552.04 581.11 559.40 24.7

16 9PET-A1 762.50 671.47 759.58 820.21 717.03 746.16 52.4

17 9 PET-A3 462.57 465.92 504.27 516.68 481.65 486.22 22.3

18 9PET-A5 757.59 727.70 864.51 756.89 766.90 774.72 49.3

19 9PET-B1 598.68 569.75 625.18 644.76 654.22 618.52 32.6

20 9PET-B3 1056.40 1053.70 1017.60 898.93 994.40 1,004.21 60.6

21 9PET-B5 648.97 662.95 616.01 613.85 556.52 619.66 38.8
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Figure C2 Effect of clay content on the initial tensile modulus of the hybrid films at
various PET concentrations (a) 5%, (b) 7%, (c) 9% in transverse direction
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T a b le  C 3  P e rc e n t e lo n g a tio n  a t b re a k  (% ) o f P E T  h yb rid  f ilm  (M D )

Formula Sample Trial No.
Mean รอ

Code 1 2 3 4 5
1 5 PET-0 0.6466 0.5307 0.6587 0.5259 0.5401 0.5804 0.07
2 5PET-A1 0.3144 0.3955 0.6744 0.7480 0.1643 0.4593 0.25
3 5PET-A3 0.3493 0.5325 0.3533 0.3958 0.3403 0.3942 0.08
4 5PET-A5 0.2645 0.4101 0.2622 0.2535 0.1447 0.2670 0.09
5 5PET-B1 0.4125 0.4032 0.4583 0.3911 0.4296 0.4189 0.03
6 5PET-B3 0.2469 0.1553 0.0116 0.1416 0.0247 0.1160 0.10
7 5PET-B5 0.0488 0.1605 0.1736 0.0938 0.1197 0.1193 0.05
8 7PET-0 0.2526 0.3422 0.3227 0.3659 0.3252 0.3217 0.04
9 7PET-A1 0.4820 0.2526 0.3794 0.2829 0.3081 0.3410 0.09
10 7PET-A3 0.4622 0.2653 0.2645 0.3264 0.4162 0.3469 0.09
11 7PET-A5 0.1886 0.2039 0.4437 0.2168 0.5292 0.3164 0.16
12 7PET-B1 0.4249 0.2937 0.2978 0.3650 0.3427 0.3448 0.05
13 7PET-B3 0.5178 0.4573 0.2135 0.2505 0.3343 0.3547 0.13
14 7PET-B5 0.2864 0.3604 0.3867 0.3055 0.3878 0.3453 0.05
15 9PET-0 0.6721 0.7676 0.7771 0.5182 0.5127 0.6495 0.13
16 9PET-A1 0.6865 0.6435 0.6052 0.6478 0.4900 0.6146 0.08
17 9PET-A3 0.3585 0.6721 0.5477 0.3038 0.4843 0.4733 0.15
18 9PET-A5 0.2877 0.3711 0.3462 0.3255 0.2659 0.3193 0.04
19 9PET-B1 0.4055 0.4901 0.3356 0.3680 0.5256 0.4249 0.08
20 9PET-B3 0.6745 0.5750 0.3626 0.4685 0.4860 0.5133 0.12
21 9PET-B5 0.4497 0.3234 0.3271 0.4071 0.5515 0.4117 0.09
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Tab le  C 4  P e rc e n t e lo n g a tio n  a t b re a k  (% ) o f P E T  h yb rid  f ilm  (T D )

Formula Sample Trial No.
Mean รอCode 1 2 3 4 5

1 5PET-0 0.5623 0.2788 0.3139 0.6770 0.7684 0.5201 0.22
2 5PET-A1 0.6062 0.6200 0.8220 0.8368 0.6435 0.7057 0.11
3 5PET-A3 0.4445 0.2987 0.3441 0.4015 0.5490 0.4075 0.10
4 5PET-A5 0.2896 0.0972 0.0072 0.0793 0.2767 0.1500 0.13
5 5PET-B1 0.4068 0.4117 0.2813 0.4663 0.3859 0.3904 0.07
6 5PET-B3 0.4965 0.2243 0.2682 0.2778 0.2050 0.2944 0.12
7 5PET-B5 0.2729 0.1614 0.2203 0.2729 0.2201 0.2295 0.05
8 7PET-0 0.5963 0.5996 0.5695 0.6948 0.5415 0.6003 0.06
9 7PET-A1 0.4043 0.3176 0.4052 0.5042 0.3372 0.3937 0.07
10 7PET-A3 0.4554 0.2673 0.1231 0.4816 0.4177 0.3490 0.15
11 7PET-A5 0.2394 0.2746 0.2207 0.3399 0.3207 0.2791 0.05
12 7PET-B1 0.4508 0.3898 0.3708 0.3759 0.4290 0.4033 0.04
13 7PET-B3 0.4172 0.3300 0.3443 0.3574 0.4112 0.3720 0.04
14 7PET-B5 0.3124 0.2988 0.3551 0.3540 0.3942 0.3429 0.04
15 9PET-0 0.5898 0.7300 0.4078 0.6129 0.7546 0.6190 0.14
16 9PET-A1 0.6258 0.5265 0.5412 0.5775 0.6236 0.5789 0.05
17 9PET-A3 0.4385 0.2778 0.3326 0.3865 0.4426 0.3756 0.07
18 9PET-A5 0.2323 0.2523 0.1858 0.1823 0.1782 0.2062 0.03
19 9PET-B1 0.5766 0.4055 0.4965 0.4570 0.5714 0.5014 0.07
20 9PET-B3 0.5016 0.5683 0.6174 0.5035 0.6196 0.5621 0.06
21 9PET-B5 0.4703 0.4773 0.4900 0.4740 0.5488 0.4921 0.03
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(ล) 5% PET hybrids

(b) 7% PET hybrids

(c) 9% PET hybrids
F igu re  C 3  E ffe c t o f c la y  c o n te n t on  the  e lo n g a tio n  a t b re a k  o f th e  h yb rid  f ilm s  a t

v a r io u s  P E T  co n ce n tra t io n s  (a ) 5% , (b ) 7% , (c ) 9%  in M D
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(a) 5% PET hybrids

(b) 7% PET hybrids

(c) 9% PET hybrids
F igu re  C 4  E ffe c t o f  c la y  co n te n t on  th e  e lo n g a tio n  a t b re a k  o f  th e  h yb rid  f ilm s  a t

v a r io u s  P E T  c o n ce n tra t io n s  (a ) 5% , (b ) 7% , (c ) 9%  in TD
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(ล) 5% PET hybrids

Clay Content (phr)

(ช) 7% PET hybrids

(c) 9% PET hybrids
F igu re  C 5  E ffe c t o f  c la y  c o n te n t on  th e  te n s ile  s tre n g th  o f th e  h yb rid  film s  a t va r io u s

P E T  co n ce n tra t io n s  (a ) 5% , (b ) 7% , (c ) 9% in  m a ch in e  d ire c t io n  M D
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(a) 5% PET hybrids

(b) 7% PET hybrids

(c) 9% PET hybrids
F igu re  C 6  E ffe c t o f c la y  c o n te n t on  the  te n s ile  s tre n g th  o f th e  h yb rid  film s  a t va r io u s

P E T  co n ce n tra t io n s  (a ) 5% , (b ) 7% , (c ) 9%  in tra n s v e rs e  d ire c t io n  TD
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F ig u re  C 7  E ffe c t o f c la y  co n te n ts  on  te n s ile  p ro p e rtie s  o f P E T /M M T  h yb rid  film s  a t 5%

P E T  c o n ce n tra t io n  in tra n s ve rs e  d ire c t io n  (T D )
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(d) 5 phr MMT (g) 5 phr 2C18-MMT
F igu re  C 8  E ffe c t o f  c la y  co n te n ts  on  te n s ile  p ro p e rtie s  o f  P E T /M M T  h yb rid  f ilm s  a t 5%

P E T  co n ce n tra t io n  in m a ch in e  d ire c t io n  (M D )
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F ig u re  C 9  E ffe c t o f  c la y  co n te n ts  on  te n s ile  p ro p e rtie s  o f P E T /M M T  h yb rid  f ilm s  a t 7%

P E T  c o n ce n tra t io n  in tra n s ve rs e  d ire c t io n  (T D )
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Percentage strain
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Percentage strain
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(a) Pure 9% PET film
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A P P E N D IX  D
THERMAL PROPERTIES

Differential Scanning calorimetry

PETchip. 22 00.2005 19:27:13 
PETchip, 15.6000 mg

Method: PETchip
40.0- 100.0'C 20 :oo*c/imin
100.0- 40.0*c -20.00'C/mir
40.0- 300.0’C 20.00’C/mln

20 
กาพ

Glass Transition Glass Transition
Onset 73 07 *c Onset 72.01 * c
Midpoint 76.63 *c Midpoint 75.02 ’C
Extrapol. Peak 7 9  57 * c Heating Rate 20.00 *Cm lnM
Endset 8 2 .10 *c Midpoint ASTM.IEC 75.63 *C
Heating Rate 
Midpoint ASTM.IEC 
Delta cp ASTM.IEC

20.00 *CmirA1 
76.20 *c  
0.515 J g M K M

Delta cp ASTM.IEC 0 354 Jg*-1K*-1
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Figure D1 The DSC thermograms of PET chip (raw material)
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