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Appendices



M easurem ent method and Calculation of a  by van der Pauw.
Appendix A

Conducting plastic film  was prepared by CVD o f pyrrole. The thickness 

was measured by vernier caliber. A fter that electrical conductivity o f prepared 

conducting film  was measured by van der Pauw method.

Four ohmic contacts at the edge o f the square sample are made for the 

measurement, firs t suitable current (1 12) was applied through contacts 1 and 2  and 

measure potential d ifferent (V 34) between contact 3 and 4 and obtain ratio

Ri = IV 3 4 I / I12.

I 12 (m A) IV 34I (mV) R-1234 ( ^ )

0.1411 95 673.28

0.2103 1 0 0 475.51

0.1281 115 897.51

0.0937 127 1354.43

average R 1234 (R i) 850.24
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Secondaly. I 23 is applied through the contact 2 and 3 and measure the 

potential difference, V 4I which w ill give the ratio R2 = 1V4 ,1/I23

I 12 (m A) IV3 4 I (mV) R-1234 ( ^ )

0.1313 160 1218.58

0.0843 118 1399.76

0.1704 1 2 0 704.22

0.2525 93 368.28

average R 23 4 1 (R2) 922.71

X

4 3

Then calculate for the conductivity (G i)  o f the square sample by equation 

G =  (G i+  g 2+  g 3+  g4)/4

The above data w ill give the following information (in principle, G i, G2, 

g 3, and g 4 can be calculated by changing the position o f  electrodes around). 

Thickness d[ =  0.0071 cm ; R-1 = 850.24 Q 

d2 = 0.0068 cm ;R 2 = 922.71 ท  

d3 =  0.0070 cm ; R3 = 950.02 Q 

d4 =  0.0065 cm ; R4  = 915.75 Q 

Conductivity can be calculated by equation

G = 1/Rd s/cm
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R = resistance, Q ะ d = Film thickness, cm 

a, = 1.66x10-'

CJ2 = 1.59x10-' 

a 3 = 1.51x10-' 

a 4 = 1.61x10-'

^ a v e r a g e  1.61x10

Finally, the average a o f prepared conducting plastic film  can be 

calculated by van der Pauw method to be 1.61x10"' s/cm.



F T -IR  spectra o f prepared conducting plastic and orig inal films.

Appendix B
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Figure IÎ-1 FT-IR spectrum of PVA film.
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Figure B-3 FT-1R spectrum of pp film.
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F igu re  f i - 5  FT-IR  sp e c tr u m  o f  P V C /2 5 % F c C l3  film  @  -15°c.
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F ig u r e  B -7  FT-IR sp ec tru m  o f  L D P E /2 5 % F cC 13 film  @  -15°c.
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Figure B-8 FT-IR spectrum  o f  PVC/PPY film from 25%FeCl-5, 5%pyrrole, @ -15°c and 10 hours for polymerization.
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Figure B-9 FT-IR spectrum  o f PVC/PPY film from 25%FeCl3, 10%pyrrole, @ -15°c and 10 hours for polymerization.
oto
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Figure B-10 FT-1R spectrum  o f PVC/PPY film from 25% FeC l3, 15%pyrrole, @  - 15°c and 10 hours for polymerization.
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Figure B -ll FT-IR spectrum  o f  PVC/PPY film from 25% FeCfi, 20% pyrrole, @  - 15°c and 10 hours for polymerization.
o4S.
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Figure IM 2 FT-III spectrum  o f PVC/PPY Him from 25% FeC li, 25% pyrrole, @  -15°c and 10 hours for polymerization.
o0\
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Figure B-13 FT-IR spectrum  o f PP/PPY film from 25%FeCl3, 25% pyrrole, @  - 15°c and 15 hours for polymerization.
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Figure B-14 FT-IR spectrum  o f  LD PE/PPY  film from 25% FeC l3, 25% pyrrolc, @  -15°c  and 10 hours for polymerization.
o
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Figure 15-15 FT-IR spectrum  o f  PVC7PPY film from 25%FeCl3, 25% pyrrolc, @ -15°c and 5 hours for polymerization.
o
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Figure B-16 FT-IR spectrum  o f PVC/PPY film from 25%FeCI-(, 25% pyrrok\ (a> -15°c and 15 hours for polymerization.
oso
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Figure B-17 I ' T - I R  s p e c t r u m  o f  P V C / P P Y  f i l m  f r o m  2 5 % F e C l 3, 2 5 % p y r r o l e ,  (a] -I5°c a i u l  21) h o u r s  f o r  p o l y m e r i z a t i o n .
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Figure B-18 FT-IR  spectrum  o f  PV C /PPY  film from 25% FeC l3, 25% pyrrole, @ - 15°c and 25 hours for polymerization.
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Figure B-19 FT-IR spectrum  o f  PP/PPY film from 25% l7eCl3j 25% pyrrole, @  - 15°c and 20 hours for polymerization.
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Figure 1Î-20 1' 1 - IK sp ed  I แเฑ 0 1 I ,1)P1.!,/PP\ 11 Ini I I'OIII 25% I‘cCl3, 25% pyrrolc. (K) -15I)C ’ ;uul 20 hours tor polvincri/;uion.



Figure B-21 FT-IR spectrum o f PP/PPY film from 25% FeC l3, 25% pyrrole, @ -15°c, 20 hours for polym erization and 30
m inutes iodine doping time @  30°c.
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Figure B-22 FT-1R spcclm m  o f PP/PPY film from 25% l'cCl3, 25% pyrrolc, น?, -I5°c, 20 hours for polymerization and ()0
minutes iodine doping time @  30°c
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Figure B-23 FT-IR spectrum  o f  PP/PPY film from 25%FeCI.-|, 25% pyrrole, (ทไ -15°c, 20 hours for polymerization and 00
minutes iodine doping time @ 30°c.
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Figure B-24 FT-IR spectrum  o f PP/PPY film from 25%I'eCl3, 25% pyrrole, (น} -15°c, 20 hours for polymerization and 120
m inutes iodine eloping time @ 30°c
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Figure B-25 IT -IR  spectrum  o f  1MVPPY film from 25%FcCl3, 25% pyrrole, (a) - 15°c, 20 hours for polym erization and oO
minutes iodine doping time @ - 15°c.
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Figure B-26 IT -IK  spectrum of IM7ITY film from 25% l;oCl3l 25% pyrrole. (น' - I5 ° c , 20 hours tor polym cri/alion and )0
minutes iodine doping time @ 70°c.



A ppendix  c
O p tica l m icro gra p h  o f film ’s surface m agnified  at 100 tim es.
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F igu re C -l PV C /PPY  from 25% FeCl3, 25%pyrrole, a t-15°c  
polym erization.

and 20 hrs. for

F igu re  C-2 PP/PPY from 25%FeCl3, 25%pyrrole, at-15°c and 20 hrs. for
polymerization.
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• F igu re C -3 L D PE /PPY  from 25% FeCl3, 25%pyrrole, at-15°c and 20 hrs. for 
polym erization.

F igure  C-4 PV C/PPY  from 25% FeCl3, 25%pyrroIe, at 30°c and 20 hrs. for
polymerization.



F igure C-5 PP/PPY from 25% FeCl3, 25%pyrrole, at 30°c and 20 hrs. for 
polymerization.

F igu re  C-6 LDPE/PPY from 25% FeCl3, 25%pyrrole, at 30°c and 20 hrs. for
polymerization.
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F igu re C -7 PVC /PPY  from 25% FeCl3, 25%pyrrole, at 7 0 ° c  and 20 hrs. for 
polymerization.

Figure C-8 EP/PPY from 25%FeCl3, 25%pyrrole, at 70°c and 20 hrs. for
polymerization.
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F igu re C -9 L D P E /P P Y  from 25% FeCl3, 25%pyrroIe, at 70°c and 20 hrs. for 
polym erization.

F igure  C-10 PP/PPY from 25% FeCl3) 25%pyrrole, at-15°c, 20 hrs. and 60
minutes iodine doping at -15°c!
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F ig u re  C - l l  PP /PPY  from 25% FeCl3, 25%pyrrole, a t-1 5 °c , 20 hrs. and 60 
m inutes iod ine doping at 30°c.

F igu re  C -12  PP/PPY  from 25% FeCl3, 25%pyrroIe, a t-15°c , 20 lus. and 60 
m inutes iodine doping at 70°c.



A pp en dix  D
R aw  D ata  from  testin g  by universal testing m aterial m achine.
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Table D-l Technical data of stretched PVC films (MD and TD directions, respectively).

MD DIRECTION

sample
no.

Maximum
Load
(N)

Stress @
Q r#>a 1/"

(N/mm2)

Strain @ 
Break 
(%)

Stress @ 
High Yld 
(N/mm2)

Strain @ 
High Yld 

(%)

Modulus 
o f Elast 

(N/mm2)

Sample
Thickness

(mm)

1 43.72 15.95 94.97 52.99 10.44 390.9 0.038000
2 40.05 23.18 116.5 51.68 12.09 356.6 0.038000
3 43.75 52.03 209.5 58.34 12.24 371.4 0.039000
4 40.32 45.62 183.8 53.76 12.78 380.9 0.040000
5 33.72 43.23 204.9 56.20 10.50 377.7 0.043000
6 40.93 12.05 167.0 56.46 10.44 386.1 0.041000
7 37.16 11.41 150.5 59.45 10.48 345.0 0.042000
8 39.90 55.99 251.6 61.39 11.36- / 361.0 0.040000

average 3 9 .9 4 32 .4 3 172.3 56.28 11.29 361 .0 0 .040000
SD 3.1574 18.6802 42.6411 3.3550 0.9631 36.2310 0.001850

TD DIRECTION

sample
no.

Maximum
Load
(N)

Stress @ 

»

Strain @ 
Break 
(%)

Stress @ 
High Yld 
(N/mm2)

Strain @ 
High Yld 

(%)

Modulus 
o f Elast 

(N/mm2)

Sample
Thickness

(mm)

1 47.00 75.20 167.3 63.96 7.915 958.2 0.038000
2 61.57 98.14 124.0 70.68 10.98 511.2 0.039000
3 62.68 100.3 124.1 69.15 10.61 450.7 0.042000
4 48.10 73.89 163.8 62.97 11.06 555.5 0.039000
5 47.30 69.85 170.7 59.57 9.355 467.8 0.037000
6 58.21 86.24 108.9 67.14 11.40 468.1 0.041000
7 49.40 62.38 185.2 60.98 14.00 449.7 0.039000
8 59.51 99.18 122.1 69.94 9.606 520.1 0.040000

average 54 .22 83 .15 145.8 65.55 10.62 547 .7 0 .039000
SD 6.8684 14.8402 28.8522 4.2584 1.7852 170.0413 0.001590
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Table D-2 Technical data of stretched pp films (MD and TD directions, respectively).

MD DIRECTION

sample
no.

Maximum
Load
(N)

Stress @  

(N/mm2)

Strain @  
Break 

(%)

Stress @ 
High Yld 
(N/mm2)

Strain @ 
High Yld 

(%)

Modulus 
o f Elast 

(N/mm2)

Sample
Thickness

(mm)
1 19.91 7.804 700.5 22.58 11.94 142.3 0.035000
2 26.97 9.189 944.9 21.57 11.12 446.1 0.045000
3 24.99 19.92 1050.0 23.37 13.38 204.3 0.035000
4 21.82 10.05 822.3 20.99 13.75 163.4 0.041000
5 20.07 12.74 899.4 20.03 • 17.57 207.0 0.040000
6 20.41 12.38 818.4 22.59 16.82 180.2 0.036000
7 27.58 22.63 993.9 22.82 12.74 183.1 0.042000

average 23 .11 13 .43 899.9 21 .99 13.90 218.1 0 .039000
SD 3.3381 5.6174 119.1120 1.1770 2.4221 103.1100 0.002510

TD DIRECTION

sample
no.

Maximum
Load
(N)

Stress @ 

« )

Strain @ 
Break
(%)

Stress @ 
High Yld 
(N/mm2)

Strain @ 
High Yld 

(%)

Modulus 
o f Elast 

(N/mm2)

Sample
Thickness

(mm)

1 18.08 6.598 43.89 19.55 13.37 73.08 0.037000
2 18.92 6.294 36.60 18.92 7.591 291.9 0.040000
3 • 19.91 4.196 93.46 22.13 12.94 375.5 0.036000
4 19.84 4.371 75.27 21.44 15.75 144.8 0.037000
5 18.08 4.265 38.73 18 55 8.727 211.5 0.039000
6 19.99 4.082 144.7 19.99 12.65 341.7 0.040000
7 17.01 8.660 54.95 17.90 13.61 120.50 0.037000

average 18.83 5 .495 69.66 19.78 12.09 222 .7 0 .038000
SD 1.1532 1.7480 39.0711 1.5362 2.8854 116.4102 0.001632
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Table D-3 Technical data of stretched LDPE films (MD and TD directions,
respectively).

MD DIRECTION

sample
no.

Maximum
Load
(N)

Stress @ 

(N/mm2)

Strain @ 
Break 
(%)

Stress @ 
High Yld 
(N/mm2)

Strain @ 
High Yld 

(%)

Modulus 
o f Elast 

(N/mm2)

Sample
Thickness

(mm)

1 21.86 19.72 250.1 9.499 22.24 92.69 0.040000
2 18.20 21.70 276.8 10.01 22.60 85.73 0.032000
3 20.10 20.26 293.8 9.833 18.56 103.3 0.036000
4 20.75 18.93 318.0 9.980 22.23 58.12 0.037000
5 20.64 22.10 287.6 11.09 29.00 111.2 0.037000
6 20.83 20.75 250 5 9.689 18.45 96.46 0.040000
7 19.68 23.84 283.8 10.54 24.34 66.20 0.043000
8 22.20 21.92 272.8 9.878 22.03 96.52 0.041000

average 20 .5 3 21 .1 5 279.2 10.06 22 .43 88.78 0 .038000
SD 1.2560 1.5562 22.4521 0.05122 3.3364 18.1540 0.003450

TD DIRECTION

sample
no.

Maximum
Load
(N)

Stress @ 

«

Strain @ 
Break 

(%)

Stress @ 
High Yld 
(N/mm2)

Strain @ 
High Yld 

(%)

Modulus 
of Elast 

(N/mm2)

Sample
Thickness

(mm)

1 8.392 4.101 137.1 . 10.44 14.69 139.8 0.039000
2 9.842 4.539 266.9 10.09 21.85 80.67 0.038000
3 8.621 4.673 123.1 10.78 18.86 108.6 0.038000
4 9.842 5.569 208.0 9.842 21.28 102.0 0.040000
5 10.15 3.815 229.2 10.68 22.32 81.06 0.039000
6 9.956 4.501 257.7 9.956 19.99 119.1 0.035000
7 10.07 5.822 256.4 10.12 18.27 68.54 0.043000
8 8.469 4.768 139.0 10.59 16.79 143.8 0.045000

average 9 .4 18 4 .723 202.2 10.31 19.26 105.4 0 .040000
SD 0.7744 0.6784 60.3001 0.3549 2.6417 27.8512 0.003110
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Table D-4 T echn ical d a ta  o f  s tre tched  PV A  and PV A /5% FeC l3 film s, respectively .

PVA FILM

sample
no.

Maximum
Load
(N)

Stress @ 

(N/mm2)

Strain @ 
Break 

(%)

Stress @ 
High Yld 
(N/mm2)

Strain @ 
High Yld 

(%)

Modulus 
o f Elast 

(N/mm2)

Sample
Thickness

(mm)

1 30.12 34.13 213.7 38.01 56.32 22.64 0.038000
2 33.81 21.54 219.4 29.54 66.53 40.39 0.043000
3 29.58 26.01 387.1 35.20 53.47 30.76 0.041000
4 33.01 30.53 601.6 18.53 43.67 41.75 0.037000
5 34.53 32.48 453.3 32.99 51.61 30.33 0.039000
6 29.88 13.64 287.4 30.37 32.02 44.28 0.037000

. 7 35.20 20.59 779.6 28.13 48.44 26.45 0.039000
average 32.30 25.56 420.3 30.40 50.29 33.80 0.039000

SD 2.3871 7.4071 210.1030 11.0321 10.7500 8.3290 0.002236

PVA75%FeCl3 FILM

sample
no.

Maximum
Load
(N)

Stress @ 
Break 

(N/mm2)

Strain @ 
Break 
(%)

Stress @ 
High Yld 
(N/mm2)

Strain @ 
High Yld 

(%)

Modulus 
o f Elast 

(N/mm2)

Sample
Thickness

(mm)

1 29.35 31.27 177.8 32.34 53.74 29.03 0.037000
2 32.11 32.52 138.6 21.74 51.94 34.27 0.041000
3 35.83 28.10 398.9 33.46 49.93 47.58 0.040000
4 26.20 20.31 481.9 27.39 37.83 31.22 0.043000
5 31.97 21.15 199.1 31.68 61.70 33.51 0.037000
6 29.09 18.53 259.4 29.20 45.44 28.18 0.043000
7 28.32 26.55 350.5 23.97 41.59 30.01 0.039000

average 30.41 25.49 286.6 28.54 48.88 33.40 0.040000
SD 3.1530 5.5514 127.1302 4.4230 8.0152 6.6384 0.002502
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Table D-5 T echn ica l da ta  o f  stretched P V A /10% FeC l3 and P V A /15% FeC I3 film s,
respectively .

PVA/10%FeCl3 FILM

sample
no.

Maximum
Load
(N)

Stress @ 

»

Strain @ 
Break 
(%)

Stress @ 
High Yld 
(N/mm2)

Strain @ 
High Yld 

(%)

Modulus 
o f Elast 

(N/mm2)

Sample
Thickness

(mm)

1 25.41 26.53 310.9 26.63 45.32 31.07 0.041000
2 30.28 24.31 366.4 32.47 53.71 28.90 0.039000
3 32.09 28.37 311.9 27.20 48.65 27.62 0.037000
4 27.93 21.44 357.8 31.05 43.94 30.21 0.043000
5 37.89 27.91 289.2 27.81 50.23 29.49 0.048000
6 34.00 22.44 188.6 25.38 55.87 33.27 0.039000
7 29.54 25.47 270.3 30.57 56.06 20.34 0.040000

average 31.02 25.21 299.3 28.73 50.54 28.70 0.041000
SD 4.1023 2.6387 59.7410 2.6321 4.8882 4.0920 0.003570

PVA/15%FeCl3 FILM

sample
no.

Maximum
Load
(N)

Stress @ 

«

Strain @ 
Break 
(%)

Stress @  

High Yld 
(N/mm2)

Strain @ 
High Yld 

(%)

Modulus 
o f Elast 

(N/mm2)

Sample
Thickness

(mm)

1 31.33 26.35 390.31 38.23 47.34 24.53 0.041000
2 36.09 30.67 450.80 29.69 46.91 22.29 0.039000
oว 25.24 14.11 298.46 25.43 51.27 34.00 0.040000
4 30.50 23.59 301.99 29.33 46.68 26.34 0.042000
5 29.36 20.36 250.5 30.47 45.52 30.63 0.038000
6 32.01 26.28 201.85 28.34 43.51 27.54 0.040000
7 31.28 33.71 365.0 32.08 50.36 21.77 0.040000

average 30.83 25.01 322.7 30.51 47.37 26.80 0.040000
SD 3.2410 6.5013 85.2500 3.9725 2.6825 4.5741 0.001290
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Table D -6 T ech n ica l da ta  o f  stretched P V A /20% FeC l3 and P V A /25% FeC l3 film s,
respectively .

PVA/20%FeCl3 FILM

sample
no.

Maximum
Load
(N)

Stress @ 

«

Strain @ 
Break 
(%)

Stress @ 
High Yld 
(N/mm2)

Strain @ 
High Yld 

(%)

Modulus 
o f Elast 

(N/mm2)

Sample
Thickness

(mm)

1 25.56 26.51 411.7 23.73 42.90 19.49 0.040000
2 29.07 17.00 390.3 25.34 44.11 21.18 0.038000
3 31.05 27.83 387.6 27.55 42.47 23.56 0.041000
4 27.83 24.47 300.5 25.88 38.92 19.24 0.040000
5 25.96 23.59 287.6 31.08 48.27 17.57 0.042000
6 30.57 27.65 333.4 29.44 40.44 31.92 0.046000
7 28.27 25.36 348.7 30.25 44.03 21.74 0.040000

average 28.33 24.63 351.4 27.61 43.02 22.11 0.041000
SD 2.1022 3.7142 47.3520 2.7562 2.9871 4.7442 0.002514

PVA/25%FeCl3 FILM

sample
no.

Maximum
Load
(N)

Stress @ 

C N W )

Strain @ 
Break

(%)

Stress @ 
High Yld 
(N/mm2)

Strain @ 
High Yld 

(%)

Modulus 
o f Elast 

(N/mm2)

Sample
Thickness

(mm)

1 27.43 30.11 286.9 22.13 46.48 22.07 0.032000
2 29.77 12.48 450.8 26.76 43.92 18.19 0.041000
3 31.20 26.26 458.9 30.25 39.84 15.38 0.040000
4 25.41 - 20.93 370.5 25.48 43.61 27.26 0.039000
5 26.48 29.59 400.1 28.27 45.43 20.02 0.040000
6 27.53 23.90 295.6 26.37 51.38 21.45 0.041000
7 30.28 25.43 344.7 32.40 55.08 14.37 0 040000

average 28.30 24.10 372.5 27.38 46.53 19.82 0 039000
SD 2.1410 6.0253 68.7702 3.3374 5.1302 4.3815 0.003164
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Table D-7 T ech n ica l d a ta  of stre tched  PV C /P P Y  film s from  25% F eC l3, 25% pyrro le, @
-15 °c , and 20 hou rs fo r p o lym erization  (M D  and TD directions, respectively).

MD DIRECTION

sample
no.

Maximum
Load
(N)

Stress @ 

(N/mm2)

Strain @ 
Break 

( % )

Stress @ 
High Yld 
(N/mm2)

Strain @ 
High Yld 

(%)

Modulus 
o f Elast 

(N/mm2)
Sample

Thickness
(mm)

1 41.90 33.46 202.4 52.64 14.56 347.0 0.071000
2 44.49 37.41 198.7 54.72 15.11 343.7 0.070000
3 ■ 37 81 34.90 195.3 56.77 16.22 346.4 0.070000
4 39.45 32.73 200.5 58.03 14.30 347.6 0.070000
5 40.91 35.94 201.9 59.45 16.01 348.4 0.070000
6 39.98 35.01 200.1 54.98 16.13 345.1 0.071000
7 41.45 34.93 196.8 54.01 14.70 352.6 0.069000
8 41.53 33.54 198.7 52.44 13.53 349.2 0.069000

average 40.94 34.74 199.3 55.38 15.07 347.5 0.070000
SD 1.9665 1.5032 2.4325 2.5110 0.9778 2.7091 0.000755

TD DIRECTION

sample
no.

Maximum
Load
(N)

Stress @ Strain @ 
Break 
(%)

Stress @ 
High Yld 
(N/mm2)

Strain @ 
High Yld 

(%)

Modulus 
o f Elast 

(N/mm2)

Sample
Thickness

(mm)

1 57.12 83.46 183.4 65.43 16.49 550.1 0.071000
2 49.71 88.36 187.7 67.40 19.35 547.0 0.070000
3 52.74 85.20 185.8 64.39 18.23 549.4 0.069000
4 51.59 88.62 185.9 70.25 17.99 545.5 0.069000
5 . 53.47 83.62 188.7 65.73 23.58 551.6 0.071Q00
6 50.53 84.53 186.9 68.45 19.30 545.8 0.070000
7 54.31 84.99 184.9 63.37 18.99 543.7 0.069000
8 51.89 84.57 187.9 63.14 17.35 550.1 0.071000

average 52.67 85.43 186.4 66.02 18.91 547.9 0.070000
SD 2.3382 2.0103 1.7462 2.5100 2.1304 2.7844 0.000925
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Table D-8 T ech n ica l da ta  o f  stre tched  P V C /P P Y  films from 25% F eC l3, 25% pyrro le, @
30°c, and  20 ho u rs for p o ly m erizatio n  (M D  and TD directions, respectively).

MD DIRECTION

sample
no.

Maximum
Load
(N)

Stress @ 

«

Strain @ 
Break 

(%)

Stress @ 
High Yld 
(N/mm2)

Strain @ 
High Yld 

(%)

Modulus 
o f Elast 

(N/mm2)
Sample

Thickness
(mm)

1 40.23 32.47 182.6 53.26 13.12 330.4 0.069000
2 38.43 30.52 183.4 54.18 12.51 328.1 0.071000 1
3 39.47 33.23 184.3 51.57 14.05 331.7 0.070000 1
4 31.38 36.30 185.7 55.76 13.16 334.8 0.070000 1
5 42.75 29.97 193.5 52.29 11.54 332.9 0.068000
6 40.18 34.20 182.1 57.29 12.06 335.3 0.072000
7 39.87 32.17 186.7 50.34 15.16 336.1 0.070000
8 36.17 31.22 187.3 52.75 11.47 341.9 0.054000

average 38.56 32.51 185.7 53.43 12.89 333.9 0.068000
SD 3.4392 2.0684 3.6681 2.2583 1.2724 4.1980 0.002134

TD DIRECTION

sample
no.

Maximum
Load
(N)

Stress @ 

(N/mm2)

Strain @ 
Break 

(%)

Stress @ 
High Yld 
(N/mm2)

Strain @ 
High Yld 

(%)

Modulus 
o f Elast 

(พ!ท!ท2)

Sample
Thickness

(mm)

1 51.37 84.14 177.1 59.52 14.21 538.8 0.071000
2 56.02 86.92 1827 57.32 16.91 540.3 0.069000 1
3 58.39 82.57 180.9 59.90 14.78 535.7 0.077000 1
4 55.14 84.70 178.3 58.01 15.35 530.1 0.070000
5 62.10 87.16 180.9 57.32 16.63 542.3 0.069000 1
6 56.07 86.69 177.4 61.57 15.43 535.4 0.072000
7 57.12 84.39 180.5 57.75 16.36 536.6 0.070000
8 55.31 86.47 176.6 60.13 14.81 538.4 0.070000

average 56.44 85.38 179.3 58.94 15.56 537.2 0 071000
SD 3.0541 1.6612 2.2321 1.5644 0.9755 3.7012 0.002620
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Table D-9 T ech n ica l da ta  o f  stre tched  P V C /P P Y  film s from  25% F eC l3, 25% pyrrole, @
70°c, and 20 hou rs for p o lym erization  (M D and TD directions, respectively).

MD DIRECTION

sample
no.

Maximum
Load
(N)

Stress @ 

(N/ ะ ร

Strain @ 
Break 
(%)

Stress @ 
High Yld 
(N/mm2)

Strain @ 
High Yld 

(%)

Modulus 
of Elast 

(N/mm2)

Sample
Thickness

(mm)

1 38.02 19.92 91.54 39.37 10.07 110.43 0.078000
2 37.75 17.79 97.73 35.54 9.110 98.71 0.070000
3 34.41 14.63 1.00.1 38.19 8.050 100.5 0.070000
4 35.25 20.15 94.83 39.35 9.311 101.4 0.069000
5 40.38 19.29 89.15 37.05 7.435 95.12 0.070000
6 39.17 22.50 92.51 40.42 8.113 99.84 0.069000
7 38.38 15.33 96.37 36.81 6.034 105.4 0.070000
8 36.24 17.47 99.20 33.43 5.981 102.2 0.072000

average 37.45 18.01 95.18 37.52 8.013 101.7 0.071000
SD 2.0130 2.9571 3.8775 2.2993 1.4882 4.5886 0.002974

TD DIRECTION

sample
no.

Maximum
Load
(N)

Stress @ 

»

Strain @ . 
Break 

(%)

Stress @ 
High Yld 
(N/mm2)

Strain @ 
High Yld 

(%)

Modulus 
o f Elast 

(N/mm2)

Sample
Thickness

(mm)

1 46.68 55.23 136.4 55.51 13.71 491.2 0.070000
2 48.31 51.52 137.9 54.27 12.73 488.4 0.069000
ทJ 45.54 53.61 131.2 52.68 14.01 494.0 0.071000
4 49.32 59.34 133.6 55.17 13.96 493.5 0.070000
5 44.67 54.33 138.7 54.66 17.36 489.7 0.069000
6 49.26 57.48 135.8 51.94 16.44 490.6 0.070000
7 43.19 65.84 134.1 54.36 12.51 491.5 0.071000
8 49.19 58.17 139.5 50.21 13.04 486.7 0.070000

average 47.02 56.94 135.9 53.60 14.22 490.7 0.070000
SD 2.3652 4.4238 2.8200 1.8274 1.7614 2.4473 0.000755
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Table D-10 T ech n ica l d a ta  o f  stre tched  P P /PPY  films from  25% F eC l3, 25% pyrrole, @-15°c, and  20 hou rs fo r p o ly m erizatio n  (M D  and TD directions, respectively).

MD DIRECTION

sample
no.

Maximum
Load
(N)

Stress @  

( N W )

Strain @ 
Break 
(%)

Stress @ 
High Yld 
(N/mm2)

Strain @ 
High Yld 

(%)

Modulus 
o f Elast 

(N/mm2)

Sample
Thickness

(mm)

1 19.89 20.02 998.7 35.64 18.82 234.2 0.072000
2 19.59 22.93 1068.5 24.47 23.70 240.6 0.071000
3 21.42 30.41 1010.5 28.31 21.25 243.3 0.068000
4 24.97 20.34 1020.1 24.26 17.63 234.7 0.077000
5 ■ 22.22 23.15 999.8 27.34 19.92 235.0 0.074000
6 25.40 25.17 995.5 21.45 18.19 238.5 0.070000
7 23.17 24.72 1000.7 23.96 22.45 234.8 0.072000

average 22.38 23.82 1013.4 26.49 20.28 237.3 0.072000
SD 2.2874 3.5086 25.7310 4.6290 2.2734 3.5641 0.002881

TD DIRECTION

sample
no.

Maximum
Load
(N)

Stress @ 

»

Strain @ 
Break 
(%)

Stress @ 
High Yld 
(N/mm2)

Strain @ 
High Yld 

(%)

Modulus 
o f Elast 

(N/mm2)

Sample
Thickness

(mm)

1 17.56 5.537 75.02 26.72 13.27 229.1 0.070000
2 20.25 8.115 74.57 19.92 14.41 225.7 0.071000
3 19.43 11.95 73.14 18.56 14.13 222.3 0.069000
4 19.63 8.013 71.71 21.89 15.16 230.8 0.071000
5 23.65 7.324 70.53 23.38 17.28 224.9 0.071000
6 15.83 7.540 71.22 21.02 13.44 231.2 0.068000
7 17.14 6.421 69.98 23.14 12.55 226.4 0.070000

average 19.07 7.843 72.31 22.09 14.32 227.2 0.070000
SD 2.5601 2.0284 1.9702 2.6630 1.5552 3.2857 0.001372
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Table D -ll T ech n ica l d a ta  o f  stretched P P /PPY  films from  25% F eC l3, 25% pyrrole, @
30°c, and 20 ho u rs fo r p o lym erization  (M D  and TD directions, respectively).

MD DIRECTION

sample
no.

Maximum
Load
(N)

Stress @  

(N/mm2)

Strain @ 
Break 
(%)

Stress @ 
High Yld 
(N/mm2)

Strain @ 
High Yld 

(%)

Modulus 
o f Elast 

(N/mm2)

Sample
Thickness

(mm)

1 24.79 23.08 990.4 25.23 22.34 233.7 0.071000
2 26.14 21.43 987.6 33.59 18.43 235.5 0.070000
3 27.56 22.35 989.9 27.65 19.46 227.8 0.061000
4 21.45 19.61 989.3 25.74 20.34 231.9 0.069000
5 29.63 20.04 992.8 28.81 17.15 226.3 0.067000
6 25.03 21.42 993.5 27.26 17.72 229.5 0.070000
7 23.27 19.84 997.7 29.82 14.69 228.1 0.068000

average 25.41 21.11 991.6 28.30 18.59 230.4 0.068000
SD 2.7000 1.3312 3.3632 2.8291 2.4483 3.3872 0.003316

TD DIRECTION

sample
no.

Maximum
Load
(N)

Stress @ 
Break 

(N/mm2)

Strain @ 
Break 
(%)

Stress @ 
High Yld 
(N/mm2)

Strain @ 
High Yld 

(%)

Modulus 
o f Elast 

(N/mm2)

Sample
Thickness

(mm)

1 22.61 8.119 70.65 18.16 14.61 227.8 0.071000
2 17.22 9.247 71.80 17.35 12.68 217.5 0.077000
3 15.56 8.354 72.53 24.42 13.02 221.7 0.069000
4 19.04 6.683 68.84 20.01 12.53 220.4 0.070000
5 16.27 6.968 71.36 18.53 15.47 217.1 0.068000
6 17.33 5.034 69.79 19.47 ' 12.04 219.0 0.070000
7 20.84 4.721 68.32 21.22 13.87 215.8 0.072000

average 18.41 7.018 70.47 19.88 13.46 219.9 0.071000
SD 2.557 1.6972 1.5592 2.3720 1.2396 4.0230 0.001210
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Table D-12 T ech n ica l d a ta  o f  stretched PP/PPY  films from  25% F eC l3, 25% pyrrole, @
70°c , and 20 hou rs for p o lym erization  (M D  and TD directions, respectively).

MD DIRECTION

sample
no.

Maximum
Load
(N)

Stress @ 

( N W ,

Strain @ 
Break 
(%)

Stress @ 
High Yld 
(N/mm2)

Strain @ 
High Yld 

(%)

Modulus 
o f Elast 

(N/mm2)

Sample
Thickness

(mm)

1 20.74 14.25 780.9 20.37 16.28 221.3 0.070000
2 24.53 13.51 786.7 22.49 15.13 226.2 0.070000
3 26.18 12.73 783.5 24.22 14.07 224.1 0.071000
4 21.51 8.310 790.3 20.83 13.22 223.4 0.067000
5 26.46 16.39 792.9 19.56 15.94 227.8 0.078000
6 28.32 14.46 788.4 24.09 13.81 225.7 0.071000
7 22.57 12.05 784.2 23.77 13.89 230.7 0.070000

average 24.33 13.10 786.7 22.19 14.62 225.6 0.071000
SD 2.8241 2.52811 4.1713 1.9320 1.1692 3.0762 0.001271

TD DIRECTION

sample
no.

Maximum
Load
(N)

Stress @  

«

Strain @ 
Break 
(%)

Stress @ 
High Yld 
(N/mm2)

Strain @ 
High Yld 

(%)

Modulus 
o f Elast 

(N/mm2)

Sample
Thickness

(mm)

1 18.34 3.276 65.28 18.44 13.18 183.5 0.069000
2 17.56 6.023 61.32 19.19 11.53 181.3 0.070000
3 20.22 5.001 64.27 17.52 14.46 185.2 0.070000
4 23.10 3.417 67.05 15.38 16.27 188.3 0.072000
5 22.17 4 0 9 5 62.61 19.46 12.94 188.9 0.068000
6 21.43 3.520 57.98 15.37 13.33 184.8 0.071000
7 19.28 4.852 64.94 16.86 15.10 180.9 0.070000

average 20.30 4.312 63.35 17.46 13.83 184.7 0.070000
SD 2.0410 1.0203 3.0082 1.6842 1.5661 3.1172 0.001295
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Table D-13 T ech n ica l da ta  o f  stre tched  L D PE /PPY  film s from  25% F eC l3, 25% pyrro le,@ -15°c, and  20 hou rs fo r po lym erization  (M D  and TD  directions, respectively).

MD DIRECTION

sample
no.

Maximum
Load
(N)

Stress @T3 rpo ] / "

(N/mm2)

Strain @ 
Break 
(%)

Stress @ 
High Yld 
(N/mm2)

Strain @ 
High Yld 

(%)

Modulus 
o f Elast 

(N/mm2)

Sample
Thickness

(mm)

1 22.17 25.11 285.7 14.59 30.27 88.74 0.070000
2 24.11 27.27 288.3 15.15 27.71 91.45 0.070000
3 21.54 25.23 281.6 14.40 29.33 90.02 0.070000
4 24.23 21.90 291.7 15.81 31.46 87.16 0.071000
5 20.72 28.49 280.4 16.35 26.95 85.86 0.071000
6 19.96 21.54 279.5 11.47 29.43 92.07 0.072000
7 18.84 20.81 284.1 10.72 24.23 99.61 0.069000
8 22.35 23.49 279.9 12.38 28.70 89.93 0.075000

average 21.74 24.23 283.9 13.78 28.51 89.93 0.071000
SD 1.8120 2.7802 4.4142 2.0051 2.2280 4.7112 0.001854

TD DIRECTION

sample
no.

Maximum
Load
(N)

Stress @ 

(N/mm2)

Strain @ 
Break 

(%)

Stress @ 
High Yld 
(N/mm2)

Strain @ 
High Yld 

(%)

Modulus 
of Elast 

(N/mm2)

Sample
Thickness

(mm)

1 12.05 7.045 215.5 10.19 16.23 132.9 0.069000
2 9.944 6.113 219.1 8.683 15.50 126.1 0.065000
ท3 10.93 8.237 213.3 14.23 20.28 131.6 0.071000
4 11.51 6.933 216.8 12.00 18.51 129.7 0.070000
5 13.62 7.839 234.0 14.58 19.20 133.5 0.068000
6 9.186 5.441 209.4 13.41 16.47 128.4 0.070000
7 10.57 7.940 220.8 9.354 17.83 126.8 0.069000
8 12.43 6.532 211.9 10.27 22.46 131.0 0.070000

average 11.28 7.010 217.6 11.59 18.31 130.0 0.069000
SD 1.4260 0.9680 7.6032 2.2854 2.3221 2.7340 0.001851
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Table D-14 T ech n ica l d a ta  o f  stre tched  L D P E /P P Y  film s from  25% F eC l3, 25% pyrro le ,
@  3 0 °c ,a n d  20 hou rs fo r p o lym erization  (M D  and TD directions, respectively).

MD DIRECTION

sample
no.

Maximum
Load
(N)

Stress @
ไ ว  r * < 3 0  l z -

(N/mm2)

Strain @ 
Break 
(%)

Stress @ 
High Yld 
(N/mm2)

Strain @ 
High Yld 

(%)

Modulus 
o f Elast 

(N/mm2)
Sample

Thickness
(mm)

1 22.41 20.83 278.4 14.04 26.66 95.72 0.075000
2 21.94 20.69 275.9 16.53 25.60 98.70 0.070000
3 24.53 23.11 280.5 15.02 26.68 89.97 0.072000
4 23.70 22.36 279.4 13.88 25.07 90.41 0.072000
5 22.83 24.80 282.5 15.34 31.35 87.89 0.069000
6 25.17 25.48 279.2 12.52 29.80 88.53 0.069000
7 28.62 25.16 277.8 15.34 24.45 92.26 0.070000
8 24.56 21.97 280.7 13.81 28.31 88.60 0.071000

average 24.22 23.05 279.3 14.56 27.24 91.51 0.071000
SD 2.1092 1.9111 2.0103 1.2404 2.4031 3.8550 0.001520

TD DIRECTION

sample
no.

Maximum
Load
(N)

Stress @
Rrpa \ r

( พ mm2)

Strain @ 
Break 
(%)

Stress @ 
High Yld 
(N/mm2)

Strain @ 
High Yld 

(%)

Modulus 
o f Elast 

(N/mm2)

Sample
Thickness

(mm)

1 9.431 6.195 211.7 8.934 19.76 120.4 0.069000
2 10.56 7.183 215.4 10.16 18.32 121.6 0.070000
3 14.73 8.014 213.2 11.52 15.73 124.8 0.071000
4 8.239 5.818 210.9 8.134 14.81 121.5 0.070000
5 12.11 6.017 214.8 10.04 21.06 126.7 0.070000
6 10.83 7.143 211.4 8.930 18.37 123.0 0.070000
7 9.960 8.841 213 6 8.682 16.37 118.5 0.070000
8 11.02 6.773 216.2 10.56 17.09 125.9 0 068000

average 10.86 6.998 213.4 9.620 17.71 122.8 0.070000
SD 1.9411 1.0374 1.9642 1.1344 2.1042 2.8342 0.001071
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Table D-15 T ech n ica l d a ta  o f  stre tched  LD PE /PPY  film s from  25% F eC l3, 25% pyrrole,
@ 70°c, and 20 hou rs fo r po lym erization  (M D and TD directions, respectively).

MD DIRECTION

sample
no.

Maximum
Load
(N)

Stress @  

«

Strain @ 
Break 

(%)

Stress @ 
High Yld 
(N/mm2)

Strain @ 
High Yld 

(%)

Modulus 
o f Elast 

(N/mm2)

Sample
Thickness

(mm)

1 18.87 20.56 269.5 13.29 25.70 66.72 0.070000
2 21.81 19.84 271.4 16.14 22.38 64.39 0.068000
3 19.56 20.43 263.9 13.42 27.11 68.46 0.071000
4 20.62 23.40- 267.5 15.31 25.56 66.11 0.071000
5 22.95 24.71 270.8 18.05 22.40 61.95 0.071000
6 20.34 19.97 267.1 14.93 24.73 59.96 0.070000
7 21.56 25.80 275.9 17.58 20.15 64.84 0.069000
8 18.61 24.25 264.3 12.16 26.61 68.13 0.070000

average 20.54 22.37 268.8 15.11 24.33 65.07 0.070000
SD 1.5112 2.4210 3.9732 2.0963 2.4341 2.9520 0.001071

TD DIRECTION

sample
no.

Maximum
Load
(N)

Stress @ 

(Wmm2)

Strain @ 
Break

(%)

Stress @ 
High Yld 
(N/mm2)

Strain @ 
High Yld 

(%)

Modulus 
o f Elast 

(N/mm2)

Sample
Thick
(mm)

1 10.14 5.931 202.6 11.47 15.37 102.4 0.069000
2 8.635 3.831 200.7 13.15 17.61 100.9 0.071000
3 10.33 6.682 197.5 9.946 17.36 99.17 0.071000
4 11.72 5.573 199.3 10.95 14.58 93.03 0.072000
5 8.894 8.178 204.6 8.841 18.40 96.35 0.075000
6 9.837 7.014 200.4 11.52 17.14 99.85 0.071000
7 10.39 6.551 204.1 9.426 15.43 105.8 0.068000
8 7.775 7.528 198.8 10.54 . 16.11 103.3 0.071000

average 9.715 6.411 201.0 10.73 16.50 100.1 0.071000
SD 1.2333 1.3311 2.5510 1.3625 1.3231 4.0294 0.002071
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Table D-16 T ech n ica l d a ta  o f  stre tched  PV C /P P Y  film s from 25% F eC l3, 25% pyrro le,
@ -15°c, 20 hou rs for p o lym erization  and 60 m inutes iodine doping @  -15°c in
vacuum  (M D  and  T D  d irec tio n s, respectively).

MD DIRECTION

sample
no.

Maximum
Load
(N)

Stress @
โว r p o  !/■

(N/mm2)

Strain @ 
Break 
(%)

Stress @ 
High Yld 
(N/mm2)

Strain @ 
High Yld

(%)

Modulus 
o f Elast 

(N/mm2)
Sample

Thickness
(mm)

1 36.57 34.48 188.2 56.71 12.96 348.4 0.069000
2 38.90 33.59 194.3 55.59 17.48 346.2 0.071000
3 39.34 34.72 195.4 54.88 16.52 347.3 0.070000
4 36.12 36.02 198.7 55.80 17.08 342.7 10.071000
5 39.05 32.70 189.5 58.92 15.53 347.2 0.071000
6 41.49 32.37 191.8 54.31 19.58 341.9 0.070000
7 37.96 35.61 190.7 57.19 16.80 347.1 0.068000
8 37.96 33.15 194.6 53.88 14.69 344.8 0.070000

average 38.73 34.08 192.9 55.91 16.33 345.7 0.070000
SD 1.8133 1.3425 3.4736 1.6564 1.9784 2.3470 0.001070

TD DIRECTION

sample
no.

Maximum
Load
(N)

Stress @
โว  r p c i l '

(N/mm2)

Strain @ 
Break 
(%)

Stress @ 
High Yld 
(N/mm2)

Strain @ 
High Yld 

(%)

Modulus 
o f Elast 

(N/mm2)

Sample
Thickness

(mm)

1 47.46 84.16 186.2 61.36 17.13 550.3 0.071000
2 49.70 81.93 183.7 60.11 14.71 546.0 0.069000
3 51.81 87.89 185.6 64.44 13.93 548.4 0.070000
4 52.23 83.76 182.5 62.20 17.88 545.1 0.070000
5 54.82 84.53 189.3 67.24 14.04 546.7 0.068000
6 48.97 88.36 188.4 65.81 13.63 545.8 0.071000
7 51.16 86.12 187.1 63.34 16.61 546.9 0.070000
8 49.45 83.41 184.4 61.02 15.03 549.2 0.071000

average 50.70 85.02 185.9 63.19 15.37 547.3 0.070000
SD 2.2931 2.2467 2.3321 2.4895 1.6192 1.8174 0.001072
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Table D -17  T ech n ica l d a ta  o f  stretched PV C /PPY  films from  25% F eC l3, 25% pyrroIe,@ -15°c, 20 ho u rs  for po lym eriza tio n  and 60 m inutes iodine doping @  70°c in vacuum
(M D  and T D  d irec tio n s, respectively ).

MD DIRECTION

sample
no.

Maximum
Load
(N)

Stress @
R rpoli'

(N/mm2)

Strain @ 
Break 
(%)

Stress @ 
High Yld 
(N/mm2)

Strain @ 
High Yld 

(%)

Modulus 
o f Elast 

(N/mm2)
Sample

Thickness
(mm)

1 33.71 15.53 91.02 39.98 10.81 98.41 0.072000
2 34.60 16.22 95.80 38.56 • 6.715 102.7 0.071000
3 37.79 14.89 94.17 40.91 9.013 99.56 10.070000
4 37.78 23.55 95.89 44.22 8.361 105.2 0.070000
5 36.14 17.73 95.17 43.30 10.80 103.4 0.075000
6 34.88 18.62 93.46 42.56 10.72 103.1 0.071000
7 36.45 16.88 96.50 47.32 11.57 96.70 0.068000
8 33.53 15.94 93.11 37.15 6.571 98.13 0.071000

average 35.61 17.42 94.39 41.75 9.320 100.9 0.071000
SD 1.6881 2.7521 1.8210 3.2812 1.9563 3.0742 0.001153

TD DIRECTION

sample
no.

Maximum
Load
(N)

Stress @ 

«

Strain @ 
Break 
(%)

Stress @ 
High Yld 
(N/mm2)

Strain @ 
High Yld 

(%)

Modulus 
of Elast 

(N/mm2)

Sample 
Thickness 
- (mm)

1 55.22 56.71 129.4 55.89 14.23 438.7 0.069000
2 49.87 55.56 131.7 60.64 17.11 437.2 0.071000
oJ 50.53 54.27 132.5 61.23 16.37 436.5 0.071000
4 49.97 51.94 131.1 54.17 13.48 430.7 0.070000
5 48.81 53.01 128.7 52.54 15.68 434.6 0.068000
6 52.42 55.47 129.8 59.84 11.91 436.8 0.071000
7 50.17 51.82 130.1 60.41 17.24 436.8 0.070000
8 51.89 55.70 129.9 61.52 14.06 433.5 0.070000

average 51.11 54.31 130.4 58.28 15.01 435.6 0.070000
SD 2.0200 1.8563 1.2642 3.531 1.8952 2.5432 0.001066
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Table D-18 T ech n ica l d a ta  o f  stre tched  PP/PPY  films from  25% FeCl3, 25% pyrrole, @
-1 5 °c , 20 hours fo r p o ly m eriza tio n  and 60 m inutes iodine doping @  -1 5 °c  in vacuum
(M D  and T D  d irec tio n s, respec tive ly ).

MD DIRECTION

sample
no.

Maximum
Load
(N)

Stress @
ไ-} r f * c\

(N/mm2)

Strain @ 
Break 
(%)

Stress @ 
High Yld 
(N/mm2)

Strain @ 
High Yld 

(%)

Modulus 
o f Elast 

(N/mm2)

Sample
Thickness

(mm)

1 21.41 25.53 979.1 22.24 18.17 239.9 0.071000
2 26.29 24.74 985.4 19.37 17.38 237.0 0.072000
3 19.51 24.44 987.7 20.75 16.14 238.1 0.073000
4 18.73 22.32 984.8 18.89 19.56 234.4 0.072000
5 20.15 24.63 980.6 25.44 20.23 241.2 0.071000
6 22.54 24.81 984.2 20.49 15.81 236.5 0.074000
7 20.47 18.03 981.3 22.34 15.56 236.1 0.071000

average 21.30 23.50 983.3 21.36 17.55 237.6 0.072000
SD 2.5251 2.6093 3.0485 2.2200 1.8532 2.3294 0.001151

TD DIRECTION

sample
no.

Maximum
Load
(N)

Stress @

( ร

Strain @ 
Break

(%)

Stress @ 
High Yld 
(N/mm2)

Strain @ 
High Yld 

(%)

Modulus 
o f Elast 

(N/mm2)

Sample
Thickness

(mm)

1 21.15 6.213 70.40 17.40 14.71 220.6 0.071000
2 21.27 9.426 68.42 22.14 17.26 221.8 0.071000
3 18.45 8.913, 72.57 20.21 15.38 226.4 0.068000
4 17.86 7.215 77.79 21.37 20.63 227.9 0.070000
5 20.47 8.812 71.55 21.66 18.13 227.1 0.070000
6 19.41 3.657 69.93 19.53 19.41 226.7 0.070000
7 16.98 6.934 72.43 18.34 16.28 224.5 0.070000

average 19.37 7.310 71.87 20.12 17.40 225.0 0.070000
SD 1.6752 2.0001 2.9947 1.7293 2.1455 2.8142 0.001000
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Table D-19 T ech n ica l da ta  o f  stretched P P /P P Y  film s from  25% F eC l3, 25% pyrrole, @
-15°c, 20  ho u rs  fo r po lym eriza tio n  and 60 m inutes iodine doping @  70°c in vacuum
(M D  and  T D  d irec tio n s, respectively).

MD DIRECTION

sample
no.

Maximum
Load
(N )

Stress @
ไว rp q  !/•

(N/mm2)

Strain @ 
Break 
(%)

Stress @ 
High Yld 
(N/mm2)

Strain @ 
High Yld 

(%)

Modulus 
o f Elast 

(N/mm2)

Sample
Thickness

(mm)

1 19.98 16.79 954.5 16.68 10.10 218.7 0.069000
2 17.25 12.48 948.8 15.74 11.52 223.4 0.071000
3 21.23 15.01 949.6 18.53 12.15 217.8 0.070000
4 25.32 11.37 952.8 17.15 10.27 222.2 0.072000
5 23.43 13.59 957.3 14.37 11.24 227.1 0.069000
6 19.96 17.42 945.7 19.91 9.341 217.5 0.076000
7 18.92 13.37 949.0 18.23 8.952 218.9 0.070000

average 20.87 14.29 951.1 17.23 10.51 220.8 0.071000
SD 2.7394 .2.2251 3.9584 1.8522 1.1763 3.5660 0.002451

TD DIRECTION

sample
no.

Maximum
Load
(N)

Stress @ 
ไว

(N/mm2)

Strain @ 
Break 
(%)

Stress @ 
High Yld 
(N/mm2)

Strain @ 
High Yld 

(%)

Modulus 
of Elast 

(N/mm2)

Sample
Thickness

(mm)

1 17.05 3.139 61.51 18.07 14.11 186.1 0.069000
2 20.75 5.027 64.27 20.24 12.85 187.9 0.071000
3 21.26 4.118 66.88 19.56 11.27 177.5 0.071000
4 19.54 5.103 65.34 19.20 13.40 185.3 0.070000
5 16.59 3.945 59.95 16.53 11.73 180.8 0.070000
6 19.73 6.571 61.73 15.88 15.46 181.2 0 068000
7 17.24 6.224 62.79 17.71 14.35 185.0 0.071000

average 18.88 4.287 63.21 18.17 13.31 183.4 0.070000
SD 1.8971 1.1940 2.4163 1.6042 1.4842 3.6543 0.001152
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Table D-20 T ech n ica l d a ta  o f  stre tched  L D PE /PPY  film s from  25% F eC l3, 25% pyrrole,
@ -15°c, 20 h ou rs fo r po lym erization  and 60 m inutes iodine doping @  -15°c in
vacuum  (M D  and  T D  d irec tio n s, respectively).

MD DIRECTION

sample
no.

Maximum
Load
(N)

Stress @
ไ ว  r - (ะ» Q  ใ / '

(N/mm2)

Strain @ 
Break 
(%)

Stress @ 
High Yld 
(N/mm2)

Strain @ 
High Yld 

(%)

Modulus 
o f Elast 

(N/mm2)

Sample
Thickness

(mm)

1 27.79 25.11 280.4 13.33 23.61 92.26 0.071000
2 24.83 28.80 284.3 12.76 29.40 89.05 0.071000
3 23.63 23.87 290.7 15.03 28.19 87.85 0.069000
4 22.42 27.73 291.6 14.35 31.23 92.77 0.070000
5 25.98 20.19 284.0 16.86 30.59 93.41 0.072000
6 23.27 22.56 286.0 15.52 24.28 88.56 0.077000
7 26.90 21.34 285.1 . 11.32 28.77 90.40 0.068000
8 21.35 22.48 283.5 13.71 27.34 85.70 0.070000

average 24.52 24.01 285.7 14.11 27.93 90.00 0.071000
SD 2.2492 3.0274 3.7423 1.7254 2.7573 2.9602 0.002721

TD DIRECTION

sample
no.

Maximum
Load
(N)

Stress @  

«

Strain @ 
Break 
(%)

Stress @ 
High Yld 
(N/mm2)

Strain @ 
High Yld 

(%)

Modulus 
of Elast 

(N/mm2)

Sample
Thickness

(mm)

1 10.02 6.387 217.0 9.531 18.06 127.2 0.065000
2 9.831 5.840 214.6 8.902 19.12 127.1 0.071000
3 8.157 4.350 213.8 8.814 23.59 126.4 0.068000
4 11.47 7.711 218.5 12.45 16.63 131.6 0.067000
5 12.53 8.127 215.4 12.02 15.48 132.0 0.066000
6 10.84 5.843 213.3 10.13 18.95 127.5 0.070000
7 9.997 9.731 220.5 12.05 16.73 130.8 0.067000
8 13.47 7.155 218.1 9.881 14.32 133.4 0.070000

average 10.79 6.893 216.4 10.47 17.86 129.5 0.068000
SD 1.6812 1.6583 2.5384 1.4783 2.8442 2.7311 0.002000
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Table D-21 T ech n ica l d a ta  o f  stre tched  L D P E /P P Y  film s from 25% FeC I3, 25% pyrroIe,
@ -1 5 °c , 20 hou rs for p o ly m eriza tio n  and 60 m inutes iodine doping @  70°c in vacuum
(M D  and T D  d irection s, respectively ).

MD DIRECTION

sample
no.

Maximum
Load
(N )

Stress @  

(N/mm2)

Strain @ 
Break 
(%)

Stress @ 
High Yld 
(N/mm2)

Strain @ 
High Yld 

(%)

Modulus 
o f Elast 

(N/mm2)

Sample
Thickness

(mm)

1 19.83 19.74 261.0 12.04 22.86 77.96 0.070000
2 22.37 23.11 257.3 14.07 23.18 79.92 0.069000
3 20.50 19.85 259.2 15.61 21.04 70.00 0.070000
4 23.46 21.72 263.7 13.84 21.43 80.12 0.071000
5 20.28 19.04 262.5 56.01 27.80 77.50 0.069000
6 24.46 20.35 260.9 12.49 22.51 76.87 0.071000
7 22.53 28.29 258.4 15.32 24.39 82.39 0.070000
8 20.01 24.54 257.8 14.71 21.27 81.80 0.070000

average 21.68 22.08 260.1 13.33 - 23.06 78.32 0.070000
SD 1.7592 3.1284 2.2992 2.2980 2.2213 3.9021 0.000761

TD DIRECTION

sample
no.

Maximum
Load
(N)

Stress @ 

«

Strain @ 
Break 

(%)

Stress @ 
High Yld 
(N/mm2)

Strain @ 
High Yld 

(%)

Modulus 
o f Elast 

(N/mm2)

Sample
Thickness

(mm)

1 11.12 7.002 195.4 10.95 17.00 101.3 0.070000
2 9.062 7.110 193.8 9.956 16.92 108.7 - 0.070000
3 10.84 4.325 196.5 10.11 14.32 102.5 0.068000
4 9.918 8.310 205.7 12.54 17.86 97.43 0.070000
5 9.763 6.952 199.8 13.65 15.28 93.91 0.068000
6 11.24 5.471 201.3 14.28 17.32 102.1 0.071000
7 10.59 5.278 200.7 9.504 19.01 92.81 0.072000
8 8.987 4.352 198.0 10.29 14.53 96.45 0.079000

average 10.19 6.100 198.9 11.41 16.53 99.40 0.071000
SD 0.8884 1.1502 3.7963 1.8290 1.6632 5.2534 0.003500
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Table D-22 T ech n ica l d a ta  o f  stre tched  P V C /P P Y  film s from  25% F eC l3, 25% pyrroIe,
@ -15°c, 20 hou rs for po lym erization  and 30 m inutes iodine doping @  30°c in vacuum
(M D  and T D  d irection s, respectively).

MD DIRECTION

sample
no.

Maximum
Load
( N )

Stress @ 

(N/mm2)

Strain @ 
Break 
(%)

Stress @ 
High Yld 
(N/mm2)

Strain @ 
High Yld 

(%)

Modulus 
o f Elast 

(N/mm2)
Sample

Thickness
(mm)

1 42.53 36.47 187.4 55.34 11.73 345.4 0.070000
2 35.57 35.21 188.9 56.46 12.81 350.7 0.069000
3 38.96 31.47 190.7 52.82 10.52 340.5 0.068000
4 40.11 34.34 190.5 54.16 13.14 345.1 0.070000
5 42.41 32.52 193.8 56.01 14.70 339.8 0.071000
6 37.59 31.48 191.5 48.12 10.93 338.4 0.071000
7 38.94 32.71 186.2 51.28 15.13 342.6 0.072000
8 40.21 36.20 187.8 52.45 11.12 341.5 0.069000

average 39.54 33.80 189.6 53.33 12.51 343.0 0.070000
SD 2.3361 2.0284 2.4901 2.7800 1.7382 3.9552 0.001112

TD DIRECTION

sample
no.

Maximum
Load
(N )

Stress @ 

(N/mm2)

Strain @ 
Break 
(%)

Stress @ 
High Yld 
(N/mm2)

Strain @ 
High Yld 

(%)

Modulus 
o f Elast 

(N/mm2)

Sample
Thickness

(mm)

1 .52.37 83.78 180.7 56.46 16.90 543.9 0.072000
2 48.84 81.94 184.9 55.61 19.22 544.4 0.070000
ท
3 49.49 85.54 184.5 58.51 18.01 550.1 0.070000
4 55.78 88.50 186.3 58.83 16.31 549.6 0.071000
5 47.93 86.34 184.6 56.66 18.45 544.8 0.068000
6 51.84 87.97 181.7 54.83 15.27 546.3 0.069000
7 46.52 86.32 181.1 67.17 17.13 553.7 0.071000
8 52.11 84.01 180.2 59.37 14.71 550.4 0.069000

average 50.61 85.55 183.0 58.43 17.00 547.9 0.070000
SD 2.9731 2.2142 2.3220 3.8801 1.5490 3.5463 0.001310
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Table D-23 T ech n ica l d a ta  o f  stretched PV C /PPY  film s from  25% F eC l3, 25% pyrrole,
@ -15°c , 20 hou rs fo r p o ly m eriza tio n  and 60 m inutes iodine doping @  30°c in vacuum
(M D  and T D  d irec tio n s , respectively ).

MD DIRECTION

sample
no.

Maximum  
Load 
(N) .

Stress @ 

(N/mm2)

Strain @ 
Break 
(%)

Stress @ 
High Yld 
(N/mm2)

Strain @ 
High Yld 

(%)

Modulus 
of Elast 

(N/mm2)
Sample

Thickness
(mm)

1 37.40 34.15 185.9 57.43 17.56 337.5 0.069000
2 41.25 31.87 186.2 51.36 14.80 344.0 0.070000
3 40.06 36.50 192.8 52.70 13.37 341.9 0.071000
4 41.18 34.46 190.2 56.41 15.27 343.9 0.071000
5 41.76 34.03 187.3 55.74 12.59 338.8 0.071000
6 42.50 34.27 187.3 56.33 14.31 340.2 0.071000
7 39.48 30.02 190.5 51.44 15.84 348.7 0.068000
8 38.53 28.94 189.4 53.71 15.30 339.4 0.069000

average 40.27 33.03 188.7 54.39 14.88 341.8 0.070000
SD 1.7283 2.5350 2.4147 2.3935 1.5251 3.6383 0.001951

TD DIRECTION

sample
no.

Maximum
Load
(N)

Stress @ 

( ร ั

Strain @ 
Break 

(%)

Stress @ 
High Yld 
(N/mm2)

Strain @ 
High Yld 

(%)

Modulus 
o f Elast 

(N/mm2)
Sample

Thickness
(mm)

1 52.04 84.33 179.5 . 59.96 16.04 547.9 0.069000
2 54.61 82.73 177.9 65.47 15.53 560.2 0.072000
3 51.35 83.01 179.1 56.76 18.41 543.4 0.069000
4 52.81 88.27 181.2 63.04 14.32 547.8 0.070000
5 52.38 88.52 184.4 61.93 17.28 549.4 0.069000
6 55.48 83.03 183.3 59.81 17.80 541.7 0.070000
7 54.17 86.68 179.5 59.37 15.23 540.2 0.071000
8 56.52 83.11 178.3 57.34 14.91 543.8 0.070000

average 53.67 84.96 180.4 60.46 16.19 546.8 0.070000
SD 1.8120 2.4763 2.3611 2.9080 1.4754 6.3096 0.001069



Table D-24 T echn ical da ta  o f  stre tched  P V C /P P Y  films from  25% F eC l3, 25% pyrro le,
@  -1 5 °c , 20 hours for p o ly m eriza tio n  and 90 m inutes iodine dop ing  @  30°c in vacuum
(M D  and T D  d irections, respec tive ly ).

MD DIRECTION

sample
no.

Maximum
Load
(N)

Stress @ 

(N/mm2)

Strain @ 
Break 
(%)

Stress @ 
High Yld 
(N/mm2)

Strain @ 
High Yld 

(%)

Modulus 
of Elast 

(N/mm2)

Sample
Thickness

(mm)

1 43.46 35.16 189.4 50.06 10.13 343.4 0.072000
2 3789 27.25 180.9 52.73 13.98 339.0 0.069000
3 40.82 29.98 183.8 48.88 14.45 340.1 0.070000
4 38.41 28.41 182.7 55.48 11.57 346.7 0.071000
5 39.80 30.06 206.2 48.91 1.92 329.8 0.070000
6 42.53 32.08 189.3 54.90 14.93 341.3 0.068000
7 47.63 34.25 180.1 49.58 12.52 334.6 0.071000
8 40.34 32.57 188.4 47.30 14.50 331.5 0.069000

average 41.36 31.22 187.6 50.98 13.25 338.3 0.070000
SD 3.1532 2.7725 8.3862 3.0171 1.6863 5.8733 0.001310

TD DIRECTION

sample
no.

Maximum
Load
(N)

Stress @ 

( N W )

Strain @ 
Break 

(%)

Stress @ 
High Yld 
(N/mm2)

Strain @ 
High Yld 

(%)

Modulus 
o f Elast 

(N/mm2)

Sample
Thickness

(mm)

1 48.85 78.83 175.9 61.27 15.80 526.3 0.068000
2 50.48 83.13 176.6 55.37 14.79 533.8 0.070000
' ๆ3 52.61 84.78 170.1 56.36 18.27 533.0 0.071000
4 4 92 3 79.95 161.6 55.70 14.81 532.1 0.071000
5 51.36 83.66 178.3 54.18 13.23 528.4 0.069000
6 50.66 80.36 175.9 55.93 17.83 527.8 0.069000
7 49.74 83.81 170.8 61.30 13.51 538.6 0.071000
8 48.51 81.72 176.4 60.21 4.80 532.8 0.071000

average 50.18 82.03 173.2 57.54 15.38 531.6 0.070000
SD 1.3774 2.1400 5.5074 2.8925 1.8385 3.9690 0.001201
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Table D-25 T ech n ica l da ta  o f  stretched P V C /P P Y  film s from  25% F eC l3, 25% pyrrole,
@ -15°c, 20 h o u rs  for po lym erization  and 120 m inutes iodine doping @  30°c in
vacu um  (M D  and T D  d irection s, respectively).

MD DIRECTION

sample
no.

Maximum
Load
(N)

Stress @
ไว rpว V

(N/mm2)

Strain @ 
Break 
(%)

Stress @ 
High Yld 
(N/mm2)

Strain @ 
High Yld 

(%)

Modulus 
o f Elast 

(N/mm2)

Sample
Thickness

(mm)

1 37.79 27.95 180.1 49.84 12.02 334.1 0.072000
2 36.23 26.28 283.2 5121 9.330 325.4 0.068000
3 40.76 33.40 188.5 51.12 16.40 326.9 0.070000
4 35.57 31.97 178.0 50.51 15.39 334.1 0.070000
5 36.63 31.07 186.3 46.83 10.37 332.8 0.072000
6 39.51 32.35 189.6 41.96 12.51 331.6 0.071000
7 40.26 29.53 188.4 46.61 13.83 329.5 0.069000
8 41.81 27.69 180.3 44.32 14.23 326.4 0.068000

average 38.57 30.03 184.3 47.80 13.01 330.1 0.070000
SD 2.3264 2.5551 4.4892 3.4380 2.4223 3.5448 0.001601

TD DIRECTION

sample
no.

Maximum
Load
(N)

Stress @ไว
(N/mm2)

Strain @ 
Break 
.(%)

Stress @ 
High Yld 
(N/mm2)

Strain @ 
High Yld 

(%)

Modulus 
o f Elast 

(N/mm2)

Sample
Thickness

(mm)

1 50.41 83.20 168.9 60.22 15.59 532.8 0.070000
2 44.40 76.81 165.9 57.93 16.92 533.4 0.071000">J 48.93 85.56 170.7 55.32 17.72 521.8 0.070000
4 50.30 79.53 188.6 63.41 16.15 538.7 0.070000
5 47.36 83.37 172.9 52.98 15.98 529.8 0.070000
6 46.94 80.49 170.7 57.96 17.84 528.4 0.070000
7 54.72 84.51 167.4 63.27 15.57 528.9 0.071000
8 52.30 82.37 169.3 62.19 14.63 539.4 0.068000

average 49.42 81.98 171.8 59.16 16.30 530.4 0.070000
SD 3.2511 2.8725 7.1184 3.8010 1.1168 4.8582 0.000921
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Table D-26 T ech n ica l d a ta  o f  stretched PP/PPY  films from  25% F eC l3, 25% pyrrole, @
-15°c, 20 hours fo r p o ly m eriza tio n  and 30 m inutes iodine doping @  30°c in vacuum
(M D  and T D  d irec tio n s, respectively ).

MD DIRECTION

sample
no.

Maximum
Load
(N)

Stress @โว rp o

(N/mm2)

Strain @ 
Break
(%)

Stress @ 
High Yld 
(N/mm2)

Strain @ 
High Yld

(%)

Modulus 
of Elast 

(N/mm2)

Sample
Thickness

(mm)

1 21.23 23.14 985.3 20.84 19.95 231.7 0.070000
2 20.83 23.84 986.1 21.56 23.46 237.6 0.069000
3 19.47 20.46 980.6 23.12 15.43 236.3 0.066000
4 18.51 19.59 984.3 20.00 18.89 323.8 0.070000
5 19.28 20.41 983.1 20.84 19.53 235.7 0.070000
6 22.24 30.35 981.5 22.67 22.18 238.6 . 0.068000
7 23.24 21.32 979.4 19.93 21.26 230.9 0.070000

average 20.76 22.73 982.9 21.28 20.10 234.8 0.069000
SD 1.8412 3.6934 2.5011 1.2410 2.6000 3.0041 0.001501

TD DIRECTION

sample
no.

Maximum  
- Load 

(N)

Stress @  

«

Strain @ 
Break 
(%)

Stress @ 
High Yld 
(N/mm2)

Strain @ 
High Yld 

(%)

Modulus 
o f Elast 

(N/mm2)

Sample
Thickness

(mm)

1 19.92 6.601 58.42 19.00 12.23 214.8 0.071000
2 15.27 8.231 67.87 16.65 13.57 216.4 0.069000
3 14.96 7.506 59.94 20.24 11.93 216.7 0.07000CP
4 21.58 7.931 66.83 19.13 15.81 221.5 0.072000
5 17.65 8.057 65.48 18.72 14.77 220.4 0.071000
6 18.41 9.323 62.71 17.34 16.38 219.7 0.068000
7 16.53 6 951 60.59 16.95 13.52 217.2 0.069000

average 17.76 7.800 63.12 18.29 14.03 218.1 0.070000
SD 2.4241 0.8975 3.6674 1.3283 1.7011 2.4485 0 001400



154

Table D-27 T ech n ica l da ta  o f  stre tched  P P /P P Y  film s from 25% F eC l3, 25% pyrro le, @
-15° c ,  20 hou rs for p o ly m eriza tio n  and 60 m inutes iodine doping @  3 0°c  in vacuum
(M D  and  T D  d irection s, respectively ).

MD DIRECTION

sample
no.

Maximum
Load
(N)

Stress @
T3 Iz-

(N/mm2)

Strain @ 
Break 
(%)

Stress @ 
High Yld 
(N/mm2)

Strain @ 
High Yld 

(%)

Modulus 
o f Elast 

(N/mm2)

Sample
Thickness

(mm)

1 22.25 19.43 977.1 21.17 14.15 232.1 0.069000
2 25.18 20.35 975.4 19.99 17.33 228.7 0.071000
3 26.97 19.70 980.7 20.36 19.83 229.3 0.070000
4 21.31 18.22 987.0 18.90 17.78 230.8 0.070000
5 24.84 17.54 .981.3 21.75 15.94 233.4 0.070000
6 23.92 21.39 979.8 22.42 17.39 228.9 0.071000
7 25.07 22.04 975.2 16.88 16.44 236.6 0.069000

average 24.22 19.81 979.5 20.21 16.98 231.4 0 070000
SD " 1.9162 1.6122 4.1241 1.8730 1.7534 2.8824 0.000816

TD DIRECTION

sample
no.

Maximum
Load
(N)

Stress @ 

(N/mm2)

Strain @ 
Break 
(%)

Stress @  

High Yld 
(N/mm2)

Strain @ 
High Yld 

(%)

Modulus 
o f Elast 

(พ mm2)

Sample
Thickness

(mm)

1 20.88 6.849 71.52 18.96 12.28 222.8 0.069000
2 17.39 5.417 70.41 17.35 17.63 217.2 0.075000
3 20.22 7.120 66.47 20.12 16.40 211.6 0.07000Cp
4 21.47 7.004 67.38 20.10 17.50 218.4 0.071000
5 18.36 4.951 79.25 19.83 13.38 216.3 0.070000
6 19.94 7.170 61.96 18.41 14.45 210.7 0.072000
7 16.49 6.513 65.73 22.50 16.72 213.6 0.070000

average 19.25 6.432 68.96 19.61 15.48 215.8 0.071000
SD 1.8654 0.8897 5.5183 . 1.6263 2.1133 4.2120 0.002000



155

Table D-28 T ech n ica l d a ta  o f  stretched P P /PPY  film s from  25% F eC l3, 25% pyrrole, @
-15°c, 20 hou rs fo r p o ly m eriza tio n  and 90 m inutes iodine doping @  30°c in vacuum
(M D  and T D  d irec tio n s, respectively).

MD DIRECTION

sample
no.

Maximum
Load
(N)

Stress @n rp o  !/•

(N/mm2)

Strain @ 
Break 
(%)

Stress @ 
High Yld 
(N/mm2)

Strain @ 
High Yld 

(%)

Modulus 
o f Elast 

(N/mm2)
Sample

Thickness
(mm)

1 19.94 17.33 970.2 21.34 16.74 220.4 0.068000
2 22.59 18.47 969.4 24.52 17.11 221.4 0.071000
3 24.22 19.59 978.6 20.81 19.73 224.5 0.070000
4 28.55 15.99 975.7 19.50 18.88 230.7 0.072000
5 21.38 17.01 976.1 21.71 18.64 217.3 0.069000
6 24.41 16.83 974.6 24.12 17.89 219.4 0.070000
7 22.56 15.32 971.3 25.57 19.25 214.7 0.070000

average 23.34 17.22 973.7 22.51 18.32 221.2 0.070000
SD 2.7421 1.4441 3.4421 2.2342 1.1120 ‘5.2041 0.001290

TD DIRECTION

sample
no.

Maximum
Load
(N)

Stress @

( ร

Strain @ 
Break 
(%)

Stress @ 
High Yld 
(N/mm2)

Strain @ 
High Yld 

(%)

Modulus 
of Elast 

(N/mm2)

Sample
Thickness

(mm)

1 15.94 4.013 60.81 14.98 18.29 210.9 0.072000
2 17.59 5.129 66.39 15.41 17.36 215.0 0.069000
3 19.53 5.031 69.50 14.82 16.07 198.8 0.071000
4 20.80 6.112 65.85 17.73 14.59 217.4 0.068000
5 16.94 5.576 66.72 16.61 14.27 217.8 0.070000
6 19.14 4.314 62.84 14.52 17.83 210.6 0.071000
7 17.25 4.839 60.93 13.87 19.12 206.5 0,069000

average 18.17 5.002 64.72 15.42 16.79 211.0 0.070000
SD 1.7021 0.7137 3.2692 1.3240 1.8625 6.7381 0.001411
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Table D-29 T ech n ica l d a ta  o f  stre tched  PP/PPY  films from  25 % F eC l3, 25% pyrroIe, @
-1 5 °c , 20 hours for p o ly m eriza tio n  and 120 m inutes iodine doping @  3 0 °c  in vacuum
(M D  and  T D  d irec tion s, respec tive ly ).

MD DIRECTION

sample
no.

Maximum
Load
(N)

Stress @

(N/ ะ 12)

Strain @ 
Break 

(%)

Stress @ 
High YId 
(N/mm2)

Strain @ 
High Yld 

(%)

Modulus 
o f Elast 

(N/mm2)
Sample

Thickness
(mm)

1 20.03 16.37 970.7 19.84 16.01 213.7 0.071000
2 19.57 14.82 969.2 18.79 18.40 230.5 0.076000
3 21.75 17.02 973.0 20.05 13.81 223.6 0.070000
4 23.20 18.19 974.3 24.75 14.38 225.7 0.069000
5 21.57 15.54 972.7 21.23 15.95 218.4 0.070000
6 22.34 19.98 968.9 20.54 12.46 216.5 0.071000
7 24.28 17.01 972.4 19.91 13.71 217.2. 0.070000

average 21.82 16.99 971.6 20.73 14.96 220.8 0.071000
SD 1.6611 1.7114 2.0394 1.9210 1.9743 5.9661 0.002311

TD DIRECTION

sample
no.

Maximum
Load
(N)

Stress @ 

«

Strain @ 
Break 
(%)

Stress @ 
High Yld 
(N/mm2)

Strain @ 
High Yld 

(%)

Modulus 
o f Elast 

(N/mm2)

Sample
Thickness

(mm)

1 16.82 4.013 67.22 15.59 13.14 201.8 0.069000
2 17.01 5.214 63.68 18.47 12.61 200.5 0.071000
3 19.38 4.112 64.71 16.83 13.08 210.4 0.070000
4 18.02 3.996 66.44 18.02 14.17 206.2 0.070000
5 19.50 5.223 60.85 19.18 15.42 196.8 0.070000
6 18.23 3.524 76.11 18.53 13.99 197.3 0.071000
7 16.74 2.856 62.57 16.79 13.35 196.8 0.069000

average 17.96 4.134 65.94 17.63 13.68 201.4 0.070000
SD 1.1675 0.8556 4.9873 1.2631 0.9371 5.2301 0.000816
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Table D-30 Technical data o f  stretched LDPE/PPY films from 25%FeCl3, 25%pyrrole, @-15°c, 20 hours for polym erization and 30 minutes iodine doping @ 30°c in vacuum (MD and
TD directions, respectively).

MD DIRECTION

sample
no.

Maximum
Load
(N)

Stress @  

พ

Strain @ 
Break 
(%)

Stress @ 
High Yld 
(N/mm2)

Strain @ 
High Yld 

(%)

Modulus 
o f Elast 

(N/mm2)
Sample

Thickness
(mm)

1 20.11 19.96 273.9 16.29 23.04 86.47 0.070000
2 25.53 23.51 276.3 15.71 24.13 91.07 0.071000
3 24.17 24.01 280.5 14.38 26.85 87.91 0.071000
4 22.86 19.57 280.9 13.83 30.79 85.43 0.071000
5 20.95 21.23 281.4 14.60 30.41 92.37 0.068000
6 20.85 24.10 277.5 14.30 29.35 90.54 0.070000
7 21.24 37.72 275.9 13.15 26.93 87.85 0.071000
8 29.49 20.14 270.4 14.22 24.58 91.16 0.069000

average 23.15 23.78 277.1 14.22 27.01 89.10 0.070000
SD 3.1621 5.9361 3.8154 1.0038 2.9591 2.5141 0.001072

TD DIRECTION

sample
no.

Maximum
Load
(N)

Stress @  

พ -

Strain @ 
Break 

(%)

Stress @ 
High Yld 
(N/mm2)

Strain @ 
High Yld 

(%)

Modulus 
o f Elast 

(N/mm2)

Sample
Thickness

(mm)

1 10.91 7.391 214.6 10.93 15.09 123.2 0.070000
2 11.18 8.185 219.2 9.847 20.27 126.4 0.068000
3 9.847 7.976 217.7 9.950 20.43 127.2 0.072000
4 10.99 8.004 211.9 12.01 16.95 124.3 0.069000
5 12.13 6.023 220.0 12.97 17.98 120.4 0.071000
6 10.98 7.688 209.8 13.14 18.33 119.8 0.070000
7 12.37 5.546 216.3 10.23 15.90 126.6 0.070000
8 9.832 6.211 213.7 9.803 16.73 121.7 0.069000

average 11.03 7.128 215.4 11.11 17.71 123.7 0.070000
SD 0.9168 1.0391 3.5622 1.4067 1.9300 2.8951 0.001310
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Table D-31 Technical data o f stretched LDPE/PPY films from 25%FeCl3, 25%pyrrole, @
-15°c, 20 hours for polym erization and 60 minutes iodine doping @ 30°c in vacuum (MD and
TD directions, respectively).

MD DIRECTION

sample
no.

Maximum
Load
(N )

Stress @ 

«
Strain @ 

Break 
(%)

Stress @ 
High Yld 
(N/mm2)

Strain @ 
High Yld 

(%)

Modulus 
o f Elast 

(N/mm2)
Sample

Thickness
(mm)

1 27.63 24.54 275.4 12.57 25.76 86.19 0.070000
2 25.05 23.95 269.3 14.20 34.38 88.07 0.074000
3 24.27 21.71 271.7 15.55 22.74 85.93 0.069000
4 26.81 22.93 275.3 12.39 23.50 89.41 0.072000
5 23.75 26.27 278.2 13.81 24.43 88.84 0.071000
6 28.15 21.22 280.3 15.02 28.52 84.59 0.072000
7 24.86 24.35 275.5 14.26 27.01 85.93 0.070000
8 23.80 20.39 271.1 11.80 24.78 90.48 0.070000

average 25.54 23.17 274.6 13.70 26.39 87.43 0.071000
SD 1.7462 1.9714 3.7061 1.3285 3.7274 2.0611 0.001601

TD DIRECTION

sample
no.

Maximum
Load
(N)

Stress @
RrpctV

(N/mm2)

Strain @ 
Break 

(%)

Stress @ 
High Yld 
(พ!ทm2)

Strain @ 
High Yld 

(%)

Modulus 
o f Elast 

(N/mm2)

Sample
Thickness

(mm)

1 9.112 5.873 217.2 9.213 18.15 122.4 0.070000
2 10.03 7.112 215.9 9.934 16.13 119.8 0.070000
' ๆ
j 10.40 8.014 210.2 11.12 19.52 121.9 0.070000
4 8.937 7.516 208.9 10.93 16.80 122.5 0.070000
5 8.206 5.141 210.2 8.996 17.86 118.7 0.069000
6 11.23 6.283 215.3 10.81 15.35 123.8 0.071000
7 9.951 6.559 213.7 9.342 16.97 124.6 0.071000
8 10.35 6.078 209.4 9.815 14.82 117.5 0.069000

average 9.777 6.572 212.6 10.02 16.95 121.4 0.070000
- SD 0.9664 0.9355 3.2954 0.8342 1.5437 2.4932 0.000760
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Table D-32 Technical data o f  stretched LDPE/PPY films from 25%FeCl3, 25%pyrrole, @
-15°c, 20 hours for polym erization and 90 minutes iodine doping @ 30°c in vacuum (MD and
TD directions, respectively).

MD DIRECTION

sample
no.

Maximum
Load
(N)

Stress @  

«

Strain @ 
Break 
(%)

Stress @ 
High Yld 
(N/mm2)

Strain @ 
High Yld 

(%)

Modulus
ofElast

(N/mm2)
Sample

Thickness
(mm)

1 23.09 24.15 275.1 15.20 25.01 83.14 0.064000 !
2 • 22.84 25.12 272.6 16.73 24.97 92.86 0.071000 i
3 23.57 21.38 274.7 13.51 27.37 82.28 0.070000 !
4 25.70 23.63 271.7 14.12 28.33 88.96 0.071000 1
5 27.24 21.20 270.4 8.740 25.22 87.17 0.068000
6 26.83 20.59 275.1 11.07 28.83 86.39 0.069000 1
7 25.11 24.24 276.3 12.35 29.50 81.53 0.069000
8 20.58 19 93 270.5 13.00 27.81 84.71 0.070000

average 24.37 22.53 273.3 13.09 27.13 85.88 0.069000
SD 2.2551 1.9672 2.2915 2.4644 1.8232 3.7961 0.002271

TD DIRECTION

sample
no.

Maximum
Load
(N)

Stress @TD rp

(N/mm2)

Strain @ 
Break 
(%)

Stress @ 
High Yld 
(N/mm2)

Strain @ 
High Yld 

(%)

Modulus
ofElast

(N/mm2)

Sample
Thickness

(mm)

1 13.29 4.948 208.4 9.713 17.35 119.0 0.069000 !
2 9.847 7.055 214.7 8.894 16.40 117.3 0.070000 j
' ๆ 11.03 6.504 205.5 7.543 14.87 123.9 0.067000 i
4 10.59 5.805 208.5 10.49 19.55 119.0 0.071000
5 10.91 5.913 213.9 10.88 25.32 115.7 0.071000 1
6 9.973 5.886 215.6 10.07 18.88 120.1 0.070000
7 11.35 6.012 213.3 11.24 20.21 123.8 0.069000 i
8 9.887 6.437 209.7 9.014 19.98 120.4 0.072000

average 10.86 6.070 211.2 9.731 19.07 119.9 0.070000  1
SD 1.1351 0.6192 3.6481 1.2134 3.1441 2.8672 0.001601 i



160

Table D-33 Technical data o f  stretched LDPE/PPY films from 25%FeCl3, 25%pyrrole, @
-15°c, 20 hours for polym erization and 120 minutes iodine doping @ 30°c in vacuum (MD
and TD directions, respectively).

MD DIRECTION

sample
no.

Maximum
Load
(N)

Stress @ 

(N/mm2)

Strain @ 
Break 
(%)

Stress @ 
High Yld 
(N/mm2)

Strain @ 
High Yld 

(%)

Modulus 
o f Elast 

(N/mm2)

Sample
Thickness

(mm)

1 22.41 21.89 281.7 13.16 27.09 87.07 0.070000
2 23.04 19.99 268.1 14.18 25.77 86.04 0.071000
3 20.50 23.46 266.7 15.47 23.86 85.30 0.070000
4 21.49 21.31 276.6 13.50 26.47 81.54 0.072000
5 19.81 20.27 265.4 12.81 23.90 84.21 0.071000
6 22.73 23.86 281.5 11.27 33.68 80.43 0.069000
7 20.64 21.43 273.8 10.89 25.71 94.14 0.069000
8 20.58 23.79 269.4 11.44 24.88 81.27 0.068000

average 21.40 22.00 272.9 12.84 26.42 85.00 0.070000
SD 1.1990' 1.5421 6.5011 1.5804 3.1483 4.4144 0.001301

TD DIRECTION

sample
no.

Maximum
Load
(N)

Stress @ 
Break 

(N/mm2)

Strain @ 
Break
(%)

Stress @ 
High Yld 
(N/mm2)

Strain @ 
High Yld 

(%)

Modulus 
of Elast 

(N/mm2)

Sample
Thickness

(mm)

1 10.54 4.980 210.8 9.944 14.37 120.4 0.070000
2 10.38 4.951 213.2 8.997 13.59 110.4 0.070000
oJ 11.57 5.376 211.7 10.05 18.42 117.5 0.070000
4 14.37 7.015 201.3 9.029 14.48 115.9 0.070000
5 13.50 6.843 222.5 11.98 17.63 118.4 0.070000
6 11.84 7.593 208.9 ■ 10.77 16.66 120.7 0.071000
7 9.860 4.141 205.4 12.51 13.40 121.8 0.069000
8 12.34 6.133 203.8 11.20 14.89 118.9 0.070000

average 11.80 5.879 209.7 10.56 15.43 118.0 0.070000
SD 1.5682 1.2050 6.6092 1.2933 1.8947 3.6032 0.000534
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Maximum Stress @ Srain @ Srcss @ Strain @ Modulus Sample
Load Break Break High Yld High Yld of Hast Thick
(N) (N/rr.m2) (%) (N/mni2) (%) (N/mm2 ) (mm)

43.75 52.03 209.5 5S.34 12.24 371.4 0.039000

Maximum Stress (a) Srain (nt Srcr .s 'r Strain fn> Modulus Sample
1.น:น] Jirenl: 11; cal. I lip ); YW 11 i {.’1! 1 Yld o f  I -1:1:1 ' l l i i d

(N/mm2i (■/..) ท':/:ท::}!} (N /m n i2 ) (ใ:'เท:)
•ไ,) 'ไท 62.;vs. 1 y.j.2 (.ท') V. 1 4 t / J 4*19.7 ท 0.19000

T a b le  D - l  Load-extension curve o f  stre tched  PVC film s (M D  and T D  d irections,
respec tive ly ).
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Cample 2 o'  7

M ax im u m Stress @ Srain @ Srcss @ Strain @ Modulus Sample
Load Break Break Higfc Yld High Yld of Hast Thick
(N) (N/mrn2) (%) (N/mni2) (Vo) (N/mm2) (rum)

26.97 9.189 944.9 21 57 11.12 446.1 0.045000

Sample 3 of 7

Maximum Stress Srain (a) Srcss @ Strain @ Modulus
Break Break Ilipji Yld Hi?)! Yld of niati

ท<) (N/mm2 ) (%) (N/mm2) (%) (N/mni2)
1 V ') 1 'ไ 1 ')(> •JXAO ท .  n 12.94 375 5

Sample
Thick
( ท น ท )  

i 1 t t V . ' ï  • ' *

Table D-2 Load-extension curve o f  stre tched  p p  film s (M D  and TD  d irections,
respec tive ly ).
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Maximum Stress @ Srain @ Sress@ Strain @ Modulus Sample
Load Break Break High Yld High Yld of Blast Thi ck
(N) (N/mm2) (%) {N/mn’2) <%) (N7mta2) (mni)

20.10 20.26 293.ร 9.833 18.56 103.3 0.036000

Maximum Stress (?/) Srain (ทุ) Srcss (ฟ Si rain <(/• Modulus Sample
I avm\ 1 Jrenk lii.-ai High Yld III^. Yld • >: Id:.*; null.
(N) fN7mm2) (%) (พ/เทm2) f N'/m:n2 )

9.x-12 5.SVJ 2')>: 0 V.X'12 2! ■ะ .-. ไ')2 0 () | ).น |'1< >■

Table D-3 Load-extension curve o f stretched LDPE films (MD and TD directions,
respectively).
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Maximum Stress @ Srain @ Sress @ Strain @ Modulus Samn lc
Load Break Break High Yld High Yld of Hast Thick
(N) (N/mm2) (%) (N/mm2) (%) (K/mm2) (mm)

32.09 28.37 311.9 27.20 48.65 27.62 0.037000

Sample 4 of 7

Maximum Sir css @ Snin Sr css 6r) Strain (a) Modulus Sample
I >1.1(1 Mrcak } irc.'il. lliyji Yld Higl» Yld «ifiilæi llud.
(N) (N/mm2) (N/mmz) (%) (N/mm2) (mill)

v> .|0 23 v; .ใ01 •/> T J.M 46.6Î» 26.34 0.04 2000

Table D-5 Load-extension curve o f stretched PVA/10%FeCl3 and PVA/15%FeCl3
films, respectively.
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Maximum Stress @ Srain @ Srcss @ Strain @ Modulus Sample
Load Break Break High Yld High Yld of Elasl Thick
(N) (N/mm2) (%) (N/mm2) (%) (N/mm2) ([ทะน)

2S.27 25.36 34S.7 30.25 44.03 21.74 0.040000

Maximtim StrcK ̂ /;' Sraûi (<7} S rcr;s 'โ// Strain '//; MimIuIii*. ระ*:!;pif
น»:«เ 1 Jrok Break Iliglt Yld IlipJ» Yld ๗ฯ*:!:ri ■ทแ(.1
(N; fN/imn2 ) (%) (N/u»!i2 ; r*/ ( N/mn»2 ; (tn ti.j

20 'ท: y j y j 400.1 2K.27 45.41 20 02 0 OlO'K/O

Table  D -6 Load-extension curve data o f  stretched PVA/20% FeC l3 and
PVA/25% FeC l3 film s, respectively.
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Maximum Stress @ Srain @ Srcss @ Strain @ Modulus Sample
Load Break Break High Yld High Yld of Elasi Track

(N) (N/mm2) (%) (น /พ m 2) (%) (N/mm2) (mm)
39.98 35.01 200.1 54.98 16.13 345.1 0.071000

Maximum Sirovs (?// Stain (at Sr css @ Strain (Î7) Modulus Sample
I aond Hrc.ik linvil nitfi Yld Hif'Ji YM c,n:i;. ะ Thick
(N) (  NYmm2 ) ท .., /NVimiiî, (N/m»n2) (mm)

5 1  K V ร:.1 ร 7 1 > :7  ' / 14 17 1'. 5  V i  J 0  0 7 1  < )(V  J

Table D-7 Load-extension curve of stretched PVC/PPY films from 25%FeCl3,
25% pyrrole, @-15°C, and 20 hours fo r polymerization (M D  and TD  directions,
respectively).
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Maximum Stress @ Srain (Ô) Srcss@ Strain @ Modulus Sample
Load Break Break High Yld High Yld of Has Thick
(N) (N/mxn2) (%) (N/mm2) (%) (N/mm2; (mm)39.47 33.23 1843 51.57 14.05 331.7 0.07000J

Maximum Stress (ร,) Sr a in (f/j Sr css (a) รน•ภ in (nj Modulus Sample
Load Break Break High Yld High Yld ofF.ln-J Thiel
( ร ) (N/min2) ท '-) (N/mni2) ท''") fl l/mui2 ) («••ะ»»)

.ร. 12 K 1.3 V l KO ร 57.75 16. V. 5 ใ''./'. 0 07<)'*>

Table D-8 Load-extension curve o f  stretched PVC/PPY film s from 25% FeCl3,
25% pyrrole, @ 30°c, and 20 hours fo r polymerization (M D  and TD  directions,
respectively).
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Maximum Stress @ Sraiu @ Srcss @ Strain @ Modulus Sample
Load Break Break High Yld High Yld of Eras Thick
(N) (N/mm2) (%) (N/mm2) (%) (N/mru2) hm)

37 75 17.79 97.73 35.54 9.110 98.71 0.070000

Maximum Stress @ Srนill tf// S'rcss (ท} Strain @ Modulus Sample
Load Break Bleak lligli Yld High Yld o f Blast Thick
(N ) (N/mm2) f% ) <พัท1ท2) (%) (N/mm2) (mm)

f.K 55.2.ใ 1 V, 45 51 13.71 491.2 0 (l7 (H )(/i

Tab le  D -9 Load-extension curve o f  stretched PVC/PPY film s from  25%FeCl3,
25% pyrrole, @ 70°c, and 20 hours fo r polymerization (M D  and TD  directions,
respectively).
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Maximum Stress @ Srain @ Sress @ Strain @ Modulus SampleLoad Break Break High Yld HigLi Vld ofEIasi Thick
(N) (N/mm2) (%) (N/mm2) (%) (N/mai2) (mm)

22.22 23.15 999.8 27.34 19.92 235.0 0.0740CO

Sample 4 of 7

Maximum
I>ond
fN)

I V /.ใ

Stress @ 
I Jrcak 

(N/mm2) 
«.01.า

Srain (a) 
Hreak 
(% ) 

71.71

Sresr; (Tb 
High Y Id 
(N/mm2)
21 r\')

Strum (a) 
Iligji YId

พง
I') \f.

Modulus 
oflîlast 

(!</mni2) 
2V> V.

Sample
Thick
(nun)

ท  07 IM J0

Table D-10 Load-extension curve o f  stretched PP/PPY film s from  25%FeCl3,
25% pyrrole, @-15°C, and 20 hours fo r polymerization (M D  and TD  directions,
respectively).
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0.0000
— r ----- i-----------------------โ

Extension [rr.m]
i

100.0

Maximum Stress @ Srain @ Srcss @ Strain @ Modulus Sample
Load Break Break High YId High -rid of Elast Thick
(N) (N/mm2) (%) (N/mm2) (%) (N7mm2) (mm)

25 03 21.42 993.5 27.26 17.72 229.5 0.070000

Sample 4 of 7

Maximum Stress (น) Srain (น} Srcss (a) Strain Ça) Modulus Sample
Load Break x Break High YId JlipJi YId of Blast Tlüd:
(N) (N/mm2) (%) (N/mm2) (% ) (N/rnm2) (mm)
19.04 i, (>y. ใ tf-1 20 0I I 2 VI 220 1 0.07000'.

Table D - l l  Load-extension curve o f  stretched PP/PPY film s from  25%FeCl3,
25% pyrrole, @ 30°c, and 20 hours fo r polymerization (M D  and TD  directions,
respectively).



Maximum Stress @ Srain (ร) Sress @ Strain @ Modulus Sample
Load Break Break High Yld High Yld of Hast Thick
(N> (N/tnm2) (%) (N/ram2) (%) (N/mm2) (mm)

24.53 13.51 786.7 22.49 15.13 226.2 0.070000

Sample 3 of 7

Maximum Stress Cà‘ Srain @ Sress (̂ Strain (ft) . Modulus Sangle
Î Kic! I Ir oak Break High Yld High Ylu of HJ.'IS* Thick
(N) fN/mm2) (%) (N/mm2) (%) fN/imr ะ' fnirn)

2 (1 27 fin i M.27 17.52 14.'น, 1 y .\ ะ 0.0700BO

Table D-12 Load-extension curve o f  stretched PP/PPY film s from 25%FeCl3,
25%pyrrole, @ 70°c, and 20 hours fo r polymerization (M D  and TD  directions,
respectively).
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Maximum Stress @ Sr a in @ Srcss @ Strain @ Modulus Sample
Load Break Break High Yld High Yld of Elast Thick
(N) (N/mm2) (%) (N/mm2) (%) (h7mm2) (mm)

21.54 25.23 281.6 14.40 29.33 90.02 0.070000

Maximum Stress ( ir Siam Oh Srcss (aj Strain @ Modulus Sample
IvOad Break I Jrcak Iligli Yld High Yld of I£losi Thick
(N) (N/innu) (%) (N/inm2) (%) (N/mm2) (mm)

11.51 6 933 210 y. 12 r/1 18.51 129.7 0070000

Table D-13 Load-extension curve o f  stretched LDPE/PPY film s from  25% FeCl3,
25% pyrrole, @ -15°c, and 20 hours fo r polymerization (M D  and TD  directions,
respectively).
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Maximum Stress @ Srain @ Srcss@ Strain (พ Modulus ■ Sample
Load Break Break HighYld High Yld oC El as: Thick
(N) (N/mm2) (%) (N/mm2) (%) (N/mm2) (mm)

24.53 ' 23.11 280.5 15.02 26.68 89.37 0.0770rK)

Maxiiiuim Stress @ Srain @ Srcss 0 Strain 0 Modulus Sample
1,03d I3rcak Break Higli Yld Higli Y\d o f  Blast Thick
(N) (N/mm2) (%) (N/mm2) 7%) J ('ะน!ท)
10 V, 7,1.รา 215.4 10.10 IK.32 121 o 0 OToOfK

Table D-14 Load-extension curve o f  stretched LDPE/PPY film s from  25%FeCl3,
25% pyrrole, @ 30°c,and 20 hours fo r polymerization (M D  and TD  directions,
respectively).



Maximum Stress @ Sraia @ Sress @ Strain @ Modulus Sample
Load Break Break Higji Yld High Yld of Hast Thick
(N) (N/mm2) (%) (N/mm2) (%) (N/mm2) (mm)

20.62 23.do 267.5 15.31 25.56 66.11 0.071000

Maximum St/CiS f<7' Sr a in (พุ่/ Src;s ((น Strain tf/J Modulus SampleLoad 1 it oak Break High Yld High Yld of Iila?s Thick
(N) f N/mm2 ) rx.) ( N/mni2 ) (V -l (N/mm2 ; (mm)9.K.V7 7 Old 200. d 1 1.52 17 M ')•) y. 5 0 071000

Table D-15 Load-extension curve o f  stretched LDPE/PPY film s from  25%FeCl3,
25% pyrrole, @ 70°c, and 20 hours fo r polymerization (M D  and TD  directions,5
respectively).
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Maximum
Load
(N)39.34

Sires @ 
Break 

(N/mm2) 
34.7:

Sirin @ 
Break
(%)
195.4

Sress @ 
High Yld 
(N/mrn2) 
54.88

Strain @ 
High Yld 

(%) 
16.52

Modulus 
of Hlasl 

(N/mm2) 
347.3 is

Maximum St I c.s (tv Sr a in (tv Sress @ Slraiu (a) Modulus Sample
Load 1Jt cak Break High Yld Higil Yld of Hast Thick
(N) (N/mm2) (%) (N/mm2) 7%) (N/tnm2) (nail)

51 16 y /, 12 1X7.1 63.3d 16.61 น. 0 0 070000

Table D-16 Technical data o f  stretched PVC/PPY film s from  25% FeCl3,
25% pyrrole, @ -15°c, 20 hours fo r polymerization and 60 minutes iodine doping @
-15°c in vacuum (M D  and TD  directions, respectively).
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inf) 0 .'jnmplo G ol 8

Load [N]

0.0000

Maximum
Load
(N)34.88

Stress @ 
Break 

(N/mm2) 
18.62

Srain @ 
3icak
(%)93.46

Srcss@
High Yld 
(N/mm2) 

42.56

Strain @ 
High Yld

(%)
10.72

Modulus 
of Blast 

(N/mm2) 
103.1 ร

Sample 2 of 8

Max innun 
Load
(NO49 87

Stress ('กุ) 
DreaT' 

(N/mm2) 
55.5^

Sr a in l à) 
BreaL 
(%) 

111 7

Sr css (ti') 
Hi eh Y id 
(N/inm2) 

ใ

Strain @ 
High Yld 

(%) 
17.1 1

Modulus 
of Blast 

(N/rnm2) 
417.2

Sample 
ทนํ ck 
(nun) 

o  t n U A M t

Table D-17 Load-extension curve o f  stretched PVC/PPY film s from 25%FeCl3,
25% pyrrole, @ -15°c, 20 hours for polymerization and 60 minutes iodine doping @
70°c in vacuum (M D  and TD  directions, respectively).
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Maximum
Load
(N)

21.41

Stress @ 
Break 

(N/mm2) 
25.53

Srain @ 
Break
(%)

979.1

Sress @ 
High Yld 
(N/mm2) 

22.24

Strain @
High Yld

(%)
18.17

Modulus
ofElast

(N/mm2)
239.9

Sample
T h i c k

0.071000

Sample 5 of 7

Maxim um Stress (ch Srain (ทุ)1 Sress (a) Strain (tn Modulus Sample
Iyoad Break Break IligJ» Y ld n ig h  Y ld o f 1:1 ar4 ‘Hi id:
(N ) (N /m m 2) (% ) (N /m m 2) (%) (N /m m 2) (m m )

20 4 7 K.KI2 71,55 2 ! /✓. 1813 227 1 0 f) I t  I1-)1!1

Table D-18 Load-extension curve o f  stretched PP/PPY film s from  25%FeCl3,
25% pyrrole, @ -15°c , 20 hours fo r polymerization and 60 minutes iodine doping
@ -15°c in vacuum (M D  and T D  directions, respectively).



179
Sample 3 of 7

Maximum Stress @ Srain @ Srcss @ Strain @ Modulus Sample
Load Break Break High Yld High YH ofEiast Thick
(N) (N/mm2) (%) (N/mai2) (%) (N/mm2) (mml

21.23 15.01 949.6 18.53 12.15 217.8 0.070000

Sample 4 of 7

Maximum Sixes (ร} Sraia @ Srcjs Çti) Strain (l’I Modulus Sample
I /Oad Break Break Higli Yld Iligli Yld of I* las: Thick
( N ) (N/mm2) (%) ( N / l m n 2 ) (%) (N/mm2) ( m m )
IV. 5d 5.103 65.3*1 19.20 13.40 1K5.3 0 070000

Table D-19 Load-extension curve o f  stretched PP/PPY films from 25%FeCl3,
25% pyrrole, @  -15°c, 20 hours for polymerization and 60 minutes iodine doping
@  70°c  in vacuum  (M D and TD directions, respectively).
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Maximum Stress @ Srain (gj Srcss@ Strain @ Modulus Sample
Load Break Break IiigiiYld High Yld ๙  El asl Thick
(N) (N/mm2) (%) (K/min2) (%) (N/mm2) (mm)

23.63 23.87 290.7 15.03 28.19 87.S5 0.069000

100.0 -, Sample 4 of 8

Load [N]

-t

4- - +-

- f

+ - -  ------------ f ■ t-

0.0000 Extension [mm] 100.C

Maximum Strew (ทุ} Sr am fa) Srcsc @ Strain fa} Modulus Sample
I /Oad I Jrcnk Break Iligli Yld High Yld of Klast Thick
(S j < N/mm2 ) f%) (N/mm2) (% ) (น/ไใน:i2 ) (mm)
1 1 47 7 711 21 y.,5 12.45 l f» M ท;/» 0.067000

Table D-20 Load-extension curve o f  stretched LDPE/PPY film s from 25%FeCl3,
25% pyrrole, @ -15°c, 20 hours for polymerization and 60 minutes iodine doping @
-15°c in vacuum (M D  and TD  directions, respectively).
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Maximum Stress @ Srain @ Sress @ Strain (ฒ Modulus Sample
Load Break Break High Yld High Yld of Elast Truck
(N) (N/mm2) (%) (N/mm2) (%) (N/mm2) (mm)

22.37 23.11 257.3 14.07 23.18 79.92 0.069000

100.0

Load [N]

0.0000

Sample 1 of 8

+ -+

+

-f

-t-

4 -  --------------------- ----- +  - -  - ----------------- h-
I I
I I

ฯ- ไ
0.0000 Extension [mm]

t-

100.0

Maximum Sirens ((V Sr a in (iff. Srcs (dj Strain @ Modulus Sample
Load Hrcak Drcak Iligli Yld High Yld of Elast Thick
(N) (N/inm2) (%) C J/in m2; (%) (N/mm2) (mm)
1112 7.002 195.4 10 75 17.00 101.3 0 070000

Table D-21 Load-extension curve o f stretched LDPE/PPY films from 25% FeCl3,
25% pyrrole, @  -15°c, 20 hours for polymerization and 60 minutes iodine doping @
70°c in vacuum  (M D and TD directions, respectively).
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Sample 4 ol 8

Maximum Stress @ Srain @ Srcss @ Strain @ Modulus
Load Break Break High Yld High Yld of El as;
(N) (พ/ทาทใ'!) (%) (N/mm2) (%) (N/mm2)

40.11 34.34 190.5 54.16 13.14 345.1 ร ,

Sample 3 of 8

Maximum Stress @ Srain @ Sr css @ Strain @ Modulus Sample
I» n d Break Break Mipji Yld High Yld of Blast Thick
(N) (N/min2) (%) (N/nim2) (%) (N/i:i:n2 ) 0ะ;:«.)

49.49 K5.54 1K4.5 5k 5 1 1X01 550 1 0 07* ) '/ / )

Table D-22 Load-extension curve o f stretched PVC/PPY films from 25% FeC l3,
25% pyrrole, @  -15°c, 20 hours for polymerization and 30 minutes iodine doping @
30°c in vacuum  (M D and TD directions, respectively).
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Sample 4 o f 8

Maximum Stress @ Srain © Srcss @ Sixain (g) Modulus Sample
Load Break Break High Yld High Yld of Blast Thick
(N) (N/mm2) (%) (N/mni21 (%) (N/imn2) (mm)

41.18 34.46 190.2 56.11 15.27 343.9 0.071000

Sample 6 of 8

M ax im um S ir C2.ร (a) S rain (ai Sr css '(นุ Strain (a) M ixlu luN Sam ple
Load Break Break I l ip j i  VlcI H igh Y ld น  1 I l i id :
( N j L*4/nm i2 ) (พ ่น ,แเะ, ( N /m iu2  ; ( m ill)

55 4y. ร ใ  01 1 «ใ ใ ร '; 1 17X0 ร น  ■ • 1

Table D-23 Load-extension curve o f stretched PVC/PPY films from 25% FeCl3,
25% pyrrole, @  -15°c, 20 hours for polymerization and 60 minutes iodine doping @
30°c in vacuum  (M D and TD directions, respectively).
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Sample 3 of 8

Maximum Stress (S> Srain @ Sress @ Strain @ Modulus Sample
Load Break Break High Yld High Yld of Blast Thick
(N) (N/ram2) (%) (N/mni2) (%) (N/mm7) (mm)

10 S2 29.98 183.8 48.88 14.45 340.1 0.070000

Sample 2 of 8

Maximum S lr a i 'i  (ai Stain @ Srccs @ Strain @ Modulus Sample
น».ฯ.! Break Break Iligji Yld High Yld of ni 3A Thick
( N ) (N7mm2 ) (%) (N/inml) (%) (N/mm2) (nun)

50 A y. XT IT 176/» 55.37 14.79 5.T.T.X 0.070000

Table D-24 Technical data o f  stretched PVC/PPY films from 25% FeCl3,
25% pyrrole, @  -15°c , 20 hours for polymerization and 90 minutes iodine doping @
30°c  in vacuum  (M D and TD directions, respectively).
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Maximum Stress @ Sr.’ in @ Srcss @ Strain @ Modulus Sample
Load Break Break Higli Yld High Yld of Has: Thick
(N) (N/mm2) (%) (N/mm2) (%) (NAnm2) (mm)

40.26 29.53 183.4 46.61 13.83 329.5 0.069000

Sample 1 of 8

Maximum Stress (ft} Srain (aj Srcss (ก} Strain (ก) Mtxitlius Sample
Load I Ircak Break High Yld High Yld of Blast Thick
(N ) (N7mm2) O '.) (N/mm2 ; ท :/น '.t i l l , ( mm )

50.41 X I 20 ! 6X 9 60 22 15.59 M 2 0 t ) 7 ( X )I if 1

Table D-25 Load-extension curve o f stretched PVC/PPY films from 25% FeC l3,
25% pyrrole, @  -15°c, 20 hours for polymerization and 120 minutes iodine: doping
@  30°c in vacuum  (M D and TD directions, respectively).
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Sample 1 of 7

Maximum Stress @ ' Sraîn @ Sress@ Strain @ Modulus SampleLoad Break Break High Yld High Yld ofHlasl Thick
(N) (N/mm2) (%) (N/mm2) (%) (N/inm2) (mm)21.23 23.14 9S5.3 20.84 19.95 231.7 0.070000

Sample 5 of 7

M axim um Stress @ Sr a in (//, Si cr; fir) Strain fa) Modulus Sample
I^oad Jjrcak Hr cal. High Yld Hit’ll Yld of Illicit Thick
(N) (N /m m 2) f%) ท ง /ท ท ท !) ท /,) (น /ท ::- .,7 , (mm)

17/, 5 K.057 0 J . -1X Ik  72 14 77 220 4 0 0 7 1000

Table โ)-26 Load-extension curve o f stretched PP/PPY films from 25% FeCl3,
25% pyrrole, @ -15°C, 20 hours for polymerization and 30 minutes iodine doping @
30°c in vacuum  (M D and TD directions, respectively).



Sample 7 of 7
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Maximuo
Load
(N)

25.18

Stress @ 
Break 

(N/mm2) 
20.35

Srain @ 
Break
(%)

975.4

Sress @ 
Higji Yld 
(N/mm2) 

19.99

Strain @ 
High Yld

(%)
17.33

Modulus 
of Blast
228.7 .1

Sample 3 of 7

Maximum Stress (น} Srain (พ Sr ess (น; Strain (กิ} Mod::]»*.
Load ! น oak I {reap Hi pit YM Iiipji Yld *.l Ma :
L’-'l f N/ium 2 ) ( .7inm2 ; (%) f N/rท:ะ,: .

V )  22 7 120 r t ,  M 20 1 ะ If. 40 ะน'.

Table D-27 Load-extension curve o f  stretched PP/PPY films from 25% FeCl3,
25% pyrrole, @ -15°C, 20 hours for polymerization and 60 minutes iodine doping @
30°c in vacuum  (M D and TD directions, respectively).
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ร.วrnplf; lj o( I

Maximum Stress @ Srain @ Srcss @ Strain (Ô) Modulus
Load Break Break High Yld High Yld ofHast
(N) (N/mm2) (%) (N/mm2) (%) (N/mm2)

'24.41 16.83 974.6 24.12 17.89 219.4

Sample
Thick

0.070000

Sample 2 of 7

M axim um Stress @ Srain @ Sr a .. 't r Strain (a) M odulus Sample
Iyoad Break Break Il ig j i  Y ld High Y ld o f Blast T h ick

พ ) (N /m m2) (% ) (M /i i i : ï î 2 ; (■ ■ /..) (N/imm2) (m m )
17.59 5.129 66.39 15.41 17.36 215.0 0.069000

Table D-28 Load-extension curve o f stretched PP/PPY films from 25% FeCl3,
25% pyrrole, @ -15°C, 20 hours for polymerization and 90 minutes iodine doping @
30°c in vacuum  (M D and TD directions, respectively).



Sample 3 of 7
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Maximum
Load
(N)21.75

Stress @ 
Break 

(N/mmi) 
17.02

ร rain @ 
Break
(%)

973.0

Sress @ 
High Yld 
(N/mm2) 

20.05

Strain @ 
High Yld 

(%) 
13.81

Modulus 
of Hast 

(N/mm2) 
223.6

Sample
Thick

0.070U00

Sample 4 of 7

Maximum
IaOnd
(Ni

1 K 02

Sire;’, (tr 
Prc:ik
ใ 000

Srain (ทุ) Srcs @ Strain @ Modulus ร ample
Hrcak High Yld High Yld ofPJail Thick
l%i (N/inm2) (%) fN/nun2 ; fmrn)

6r».A4 1X.02 M.17 206.2 น 07f / / / ;

Table D-29 Load-extension curve o f stretched PP/PPY films from 25% FeCl3,
25% pyrrole, @ -15°C, 20 hours for polymerization and 120 minutes iodine doping
@ 30°c in vacuum  (M D and TD directions, respectively).
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Maximum Stress @ Sraia @ Srcss @ Strain @ Modulus Simple
Load Break E.-eak High YId High Yld of Elast Thick
(N) . (N/mm2) (%) (N/mm2) (%) (mm)

24.17 24.01 280.5 14.38 26.85 87.91 0.071000

Maximum Stress @ Sraui ( c i) Srcss ( พ Strain Ç h M<xiulus Sample
I .nnd Break Break High Yld ใYiyjt YM of KI:i*r Thi d.
(N ) (N /im n2 ) ( % ) (N /m m 2) (N/m:n2; (null)

10.99 K.004 2 1 1 9 12 01 I t .  7 ' . 124 ไ 0 009fXX>

Table D-30 Load-extension curve of stretched LDPE/PPY films from 25%FeCl3,
25%pyrrole, @ -15°c, 20 hours for polymerization and 30 minutes iodine doping @ 30°c
in vacuum (MD and TD directions, respectively).
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S am ple  7 of 8

Maximum
Load
(N)24.86

Stress @ 
Break 

(N/mra2) 
24 35

Sram .'ร) 
Break 
(%) 

275.5

Sress ,a) 
High YTd 
(N/min2) 

14.26

Strain (ร! 
High Yld 

(%) 
27.01

Modulus
ofElast

(N/mm2)
85.93

Sample
Thick

0.070000

axiinum 
f  .0 .1 (1  

<:<)
10 0 ใ

Sl r c;*s ((!'.
!îf 1 :»>•

( 1*.Vi i i im 2 ) 
7  1 1 2

ร ' ' : - :  

•) '/ ไ :

Strain (<7j
ใ น y b  y III 

ion

Modulus. .ท-.ใ:ท
(N'/mm2 ;

! 1 ')  V.

s.unplen.-.'r
I null; 
0/0000

Table D-31 Load-extension curve of stretched LDPE/PPY films from 25%FeCl3,
25%pyrrole, @-15°C, 20 hours for polymerization and 60 minutes iodine doping @ 30°c
in vacuum (MD and TD directions, respectively).
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Maximum Stress @ Sraia @ Sress @ Strain @ Modulus Sample
Load Break Break High Yld Higil Yld of Elast Thick
(N) (N/mm2) (%) (N/mm2) (%) (N/mm2) (mm)

25.70 23.63 271.7 14.12 23.33 88.96 0.071000

100.0 -1. Sample 6 of 8

-+• -t
I
1

' +-

Load [N]

- f - - f -

+ - +-

_____ 7 \

0.0000 T
0.0000 Extension [mm] 100.0

Maximum Stress (<v Sr a in (น, Sress ((/j Strain ((ท Modulus Sample
1 y»ad I Ircnk Break High Yld rrirfi Yld ofElaC Thick

( J *7mm2) ("/..) (N7mm2 ! r / v (N/mrn2) (nun)
'J 'J / \ ร KXO 215 0 10 07 IX. XX 120.1 0 070000

Table D-32 Load-extension curve of stretched LDPE/PPY films from 25%FeCl3,
25%pyrrole, @ -15°c, 20 hours for polymerization and 90 minutes iodine doping @ 30°c
in vacuum (MD and TD directions, respectively).
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Sample 1 of บ

Maximum Stress @ Srain @ Sress @ Strain @ Modulus Sample
Load Break Break High Yld High Yld of East Thick
(N) (N/mm2) (%) (N/mm2) t%) (N/mm7) (m:n)

22.41 21.89 2SI.7 13.16 27.09 87.07 0.070000

M axim um Sti c-. . (น} Srain (น) Sress (a) Strain (นุ) Modulus s.'inîple
Load ilrca l Mr cal: l l i f j i  Yld High Yld ■ 4 Ida-: 1 lu* 1
(N ; ( N / i i u i i 2  ) (N /m m2) (•■ /:) น - ., / , M M ,2 ) ( n u n  J

12..14 น ฑ 2 0 3  y. 1 1 20 14>;v น ' ' ' ' ! ( j  070' 1‘ II

Table D-33 Load-extension curve of stretched LDPE/PPY films from 25%FeCl3,
25%pyrrole, @ -15°c, 20 hours for polymerization and 120 minutes iodine doping @
30°c in vacuum (MD and TD directions, respectively).



Appendix E
DSC and TGA thermograms of original and prepared conducting films.
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Figure E-l DSC thermogram of PVA film. VO
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Figure E-2 DSC thermogram of PVC film.
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Figure E-3 DSC thermogram of PI5 film.
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Figure E-5 DSC thermogram of PVA/25%FcC13 film.
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Figure E-6 DSC thermogram of PVA/PPY film from 25%FèCl3, 25%pyrrole, at 3 0°c  and 20 hrs. for polymerization.
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Figure E-7 DSC thermogram ofPVC/PPY film from 25%FeCP„ 25%pyrrole, at -1 5 °c  and 20 hrs. for polymerization.
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Figure E-8 DSC thermogram ofPVC/PPY film from 25%FeCl3, 25%pyrroIe, at 30°c and 20 hrs. for polymerization. to๐to
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Figure E-9 DSC thermogram of PVC/PPY film from 25%FeCl ใ, 25%pyrrole, at 7 0°c  and 20 hrs. for polymerization. K>o



H
ea

l F
lo'

-V
 (

"/
g

)

Figure E-10 DSC thermogram of PP/PPY film from 25%FeGli, 25%pyrrole, at -15°c and 20 hrs. for polymerization. 204
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Figure E-ll DSC thermogram oi'PP/PPY film from 25%FeCl3, 25%pyrrole, at 30°c and 20 Ill’s, for polymerization. too
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Figure E-12 DSC thermogram of PP/PPY film from 25%FeCl3, 25%pyrrole, at 7 0°c  and 20 hrs. for polymerization.
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Figure E-13 DSC thermogram of LDPE/PPY film from 25%FcCl-i, 25%pyrrole, at -1 5 °c  and 20 Ill's, for polymerization. 207



H
ea

l F
lo

w
 (

พ
'!

Figure E-14 DSC thermogram of LDPE/PPY film from 25%FeCl3, 25%pyrrole, at 3 0 °c  and 20 Ill'S, for polymerization. toooo
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Figure E-15 DSC thermogram ofLDPE/PPY film from 25%FcCl:„ 25%pyrrole, at 70°c  and 20 hrs. for polymerization. 209
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Figure E-16 DSC thermogram of P1VITY film from 25%FeCl3, 25%pyrrolc, at -15 °c , 20 Ill's, for polymerization and
minutes iodine doping at -1 5 °c .
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Figure E-17 DSC thermogram of PP/PPY film from 25%FeCl3, 25%pyrrole, al -1 5 °c , 20 hrs. for polymerization and 30
minutes iodine doping at 30°c.
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Figure E-18 DSC thermogram of PP/PPY film from 25%FeCl3, 25%pyrrolc, at - 15°c , 20 hrs. for polymerization and 30
minutes iodine doping at 7 0 °c .
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Figure E-19 D SC  thermogram o f  PP/PPY film from 25% FeCl3, 25% pyrrole, at -1 5 °c , 20 hrs. for polym erization and 120 minutes 
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Figure E-20 TGA thermogram of PVC film.
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Figure E-21 TGA thermogram ofpp film.
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Figure E-22 TGA thermogram of LDPE film.
to
On



m
ss

217



พ
55

K )

๐0



W
55

,

219



แ3
55

,

Figure E-26 TGA thermogram of PP/PPY from 25%FeCl3, 25%pyrrolc, @ 7 0 °c  and 20 hours for polymerization.
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Figure E-27TGA thermogram of L D P E /P P Y  from 25%FcC13, 25%pyrrolc, @ 7 0 °c  and 20 hours for polymerization.
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Figure E-29 TGA thermogram of PP/PPY film from 25%FeCl3, 25%pyrrolc, @ -1 5 °c , 20 hours for polymerization and 120
minutes iodine doping time @ 30°c .
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The Electrical conductivity of reference material [34].
Appendix F

>1026 Lead at 4 K (superconductor)
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1 0 6

104
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10-10

10-12

10-14
10-16

Silver, copper 

Graphite

Silicon, germanium (intrinsic) 

Carbon black, com posite

Glass, cotton (at about 50% RH)

Organic compounds

Nylon

10-18 Polyethylene, dry fused quartz



Time-decay electrical conductivity of prepared conducting plastic film.
Appendix G

After storing prepared conducting plastic film in open air at room 
temperature for a period o f  time and repeatedly measured their G, it was found that 
G decreased gradually with time until it reached zero.

Table G -l Time-decay G o f  prepared conducting plastic film was prepared as
follows:

FeCl3 initiator concentration ะ 25% in distilled water
Pyrrole monomer concentration ะ 25% in distilled water
Reaction temperature ท

Reaction time 20  hrs.
Plastic film LDPE
Reaction conditions ะ in reduced pressure

Time (day) G (S/cm)

1 1.45X10' 1

5 0.26xl0"2

10 0.47x1 O'4

15 0.15xl0 '7

2 0 0

25 0

30 0

It is quite possible that for the polymer stored under open air circulation 
the charge decay is accelerated. This can be explained that the moisture in open air
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interferes with interaction force between polymer chain o f PPY. Thus the a  was 
reduced.

Time-decay electrical conductivity
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Figure G -l Plotting Time and Electrical conductivity for time-decay o f prepared 
conducting plastic film.
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