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APPENDICES

Appendix A: Calculations of Crystallinity Percentage

The calculations of crystallinity percentage were shown below including 
crystallinity of PVDF, PLA, PVDF in the blend of PVDF-80/PLA-20, PLA in the 
blend of PVDF-80/PLA-20 and PVDF in thermoplastic vulcanizates at various 
ENR/PVDF/PLA ratios and DBPH contents. The enthalpy of melting per gram of 
100 % crystalline of PLA is 93 J/g and that of PVDF is 104.7 J/g.

From x c (%) = A H m p l e  X 1 0 0
A n  r e f

AH*sampie is the measured enthalpy of sample. AFI0ref is the enthalpy of 
melting per gram of 100 % crystalline of sample.

Percent Crystallinity of PVDF
From the measured result, AfTpvDF is 32.4 J/g and API0pvDFis 104.7 J/g.

A J / * f v d fPercent crystallinity of PVDF = XpvDF (%) = — X 100
A f P r v n  F

32 .4
1 0 4 ./ X 100

= 31 %

Percent Crystallinity of PLA
From the measured result, AH*pla is 10.9 J/g and AH°pla is 93 J/g.

Percent crystallinity of PLA = Xpla (%) -  t^QPLA xan PLA

10.9
~93~

X 100

12%
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XlGQ

In case of the thermoplastic blend, the crystallinity percentage of PVDF and
PLA was calculated by relating to the composition of PVDF/PLA which was 80/20.
The equations were shown below:

XBiend (PVDF) ( % )  =  ^ f r
PVDF)

And Xeicrid (PLA) (%) = 11% % % 4  *  100
XBiend (PVDF) and XBiend (PLA) are the relative percent crystallinity of the PVDF 

and PLA in the PVDF/PLA blend. AH*Biend is the measured enthalpy. The enthalpy 
of melting per gram of 100 % crystalline of PLA is 93 J/g and that of PVDF is 104.7
J/g-

Relative Percent Crystallinity of PVDF in The PVDF/PLA Blend
From the measured result, Aff Blend (pvdf) is 39.4 J/g and AFI0pvdf is 104.7 J/g.

X siend  (PVDF) ( % )
Blend

(0.8 X AH ° p v d f )

2 4 .3

X 100

( a s  X Î.04. 7)

= 29%
X 100

Relative Percent Crystallinity of PLA in The PVDF/PLA Blend
PLA peak 1: From the measured result, AH*Biend (PLA) is 0-67 J/g and AH°PLAis

Xb,“ '«™>(%)= ( ร ีร ^ * 100
0.67

(0.2 X 93)
= 3.6%

X 100

PLA peak 2: From the measured result, AH*Biend (PLA) is 0-27 J/g and AH°pla is
93 J/g.

XBiend (PLA) ( % )  =  1j )  1 0 0
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Xglend (PLA) 0/0  =
0.27

(0.2 X 93)
1.4 %

X 100

For thermoplastic vulcanizates (TPV), the only crystallization of PVDF was 
occurred. The relative percent crystallization was calculated to the composition of 
PVDF in TPV blend. The equations were shown below:

The ENR/PVDF/PLA ratio of 50/40/10;

X tpv  (PVDF) ( % )  = ( 0 . 4 X 4 ^ ^ )
X 100

The ENR/PVDF/PLA ratio of 50/50/0;
X j p v  (PVDF) ( % )  =  (0.5 X x 100

The ENR/PVDF/PLA ratio of 70/20/10;
X tpv  (PVDF) ( % )  =  (0.2 X &HQpvr1p)

The ENR/PVDF/PLA ratio of 70/30/0;
X tpv  (PVDF) ( % )  =  (0.3 X  M ° TO jr)  x  0

X t p v  (PVDF) is the relative percent crystallinity of the PVDF in the TPV blend. 
AH*TPV is the measured enthalpy. The enthalpy of melting per gram of 100 % 
crystalline of PVDF is 104.7 J/g.

Relative Percent Crystallinity of PVDF in The TPV Blend
❖  The ENR/PVDF/PLA Ratio of 50/40/10 at DBPH 0 phr (Ternary blend);

From the measured result, AH*tpv(pvdf) is 13.4 J/g and AH°pvdfÏs 104.7 J/g.

Xtpv (PVDF) (%) = (0.4 ^ ว ^ )  * 100

(0.4 X  104.7) x 100
= 32 %
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❖  The ENR/PVDF/PLA Ratio of 50/40/10 at DBPH 3 phr;
From the measured result, AH*tpv(pvdf) is 10.7 J/g and AH°pvDFis 104.7 J/g.

Xtpv(pvdf,(% )= (o a A"พ 7  ) * 100
10.7

(0.4 X  104.7)
= 25.5 %

X 100

❖  The ENR/PVDF/PLA Ratio of 50/40/10 at DBPH 7 phr;
From the measured result, AH*'IPV (pvdf) is 6.0 J/g and AH°PVDF is 104.7 J/g.

XTPV,PVDF)(%) = (0.4 * 100

6.0
(0,4 X 104.7) 

= 14.4%
X 100

♦ะ♦ The ENR/PVDF/PLA Ratio of 50/50/0 at DBPH 3 phr;
From the measured result, AH TPV (pvdf) is 15.5 J/g and AH°pvdfÏs 104.7 J/g.

XTPV,PVDF)(%>= (0/ " a ï ะ ^ 0 X  100

15.5
(0.5 X 104.7)

= 29.6%

X 100

‘ะ♦ The ENR/PVDF/PLA Ratio of 50/50/0 at DBPH 7 phr;
From the measured result, AH*tpv(pvdf) is 12.9 J/g and AH°pvdfÏs 104.7 J/g.

(Tpv (PVDF) (% )= ALT' TPV
(0.5 XAH \ vdf) 

12.9

X  100

(0.5 X 104.7) X 100

24.7 %
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❖  The ENR/PVDF/PLA Ratio of 70/20/10 at DBPH 3 phr;
From the measured result, AH tpv(pvdf) is 5.2 J/g and AH°pvdfÏs 104.7 J/g.

X tpv (PVDF) (% ) = ( 0.2
X 100

= ------- ^ ------- X 100(0.2 X 104.7)
= 24.6 %

❖  The ENR/PVDF/PLA Ratio of 70/30/0 at DBPH 3 phr;
From the measured result, AH’tpv(pvdf) is 7.6 J/g and AH°PVDF is 104.7 J/g.

Xtpv (PVDF) (% ) = X  100

(0.3 X 104.7) * 100
= 24 %
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Appendix B: Oil Swelling Index
Data of oil swelling index before aging in chapter IV were shown in Tables 

B1 -  B4 and data of oil swelling index after aging were shown in Tables B5 -  B8. 
The results included immersion at room temperature and 100 °c for both of 24 hours 
and 7 days.

Table B1 The swelling index at room temperature for 24 hours before aging

ENR/PVDF/PLA,
% wt

DBPH,
phr

Swelling index
Gasohol

91
Gasohol

95 E20 E85

100/0/0 3 3.02 2.86 2.75 1.29
5 2.66 2.55 2.35 1.26
7 2.19 2.08 2.00 1.27

50/40/10 0 2.05 2.40 1.75 1.17
3 1.43 1.41 1.38 1.12
5 1.33 1.37 1.34 1.11
7 1.33 1.32 1.26 1.08

60/30/10 0 2.46 2.49 2.15 1.23
3 1.64 1.59 1.41 1.17

70/20/10 0 4.20 4.04 2.90 1.30
3 1.70 1.81 1.84 1.22

50/50/0 3 1.35 1.35 1.49 1.10
5 1.27 1.28 1.25 1.07
7 1.28 1.28 1.28 1.06

60/40/0 3 1.49 1.48 1.45 1.13
70/30/0 3 1.65 1.67 1.63 1.19
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Table B2 The swelling index at room temperature for 7 days before aging

ENR/PVDF/PLA, 
% wt

DIÎPH,
phr

Swelling index
Gasohol

91
Gasohol

95 E20 E85

100/0/0 3 3.10 3.03 2.93 1.32
5 2.72 2.64 2.50 1.29
7 2.29 2.26 2.21 1.28

50/40/10 0 2.52 2.56 2.41 1.19
3 1.48 1.47 1.44 1.12
5 1.43 1.41 1.36 1.12
7 1.35 1.36 1.33 1.13

60/30/10 0 2.60 2.66 2.43 1.22
3 1.66 1.70 1.59 1.18

70/20/10 0 5.28 4.60 4.26 1.31
3 1.93 1.90 1.80 1.21

50/50/0 3 1.40 1.39 1.37 1.13
5 1.31 1.30 1.29 1.12
7 1.29 1.32 1.30 1.12

60/40/0 3 1.51 1.53 1.47 1.18
70/30/0 3 1.68 1.68 1.66 1.21
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Table B3 The swelling index at room temperature for 24 hours after aging

ENR/PVDF/PLA, 
% wt

DBPH,
phr

Swelling index
Gasohol

91
Gasohol

95 E20 E85

100/0/0 3 3.16 3.02 2.71 1.28
5 2.68 2.56 2.35 1.29
7 2.31 2.23 2.11 1.27

50/40/10 0 2.70 2.43 2.16 1.22
3 1.46 1.48 1.42 1.10
5 1.44 1.41 1.39 1.10
7 1.34 1.34 1.33 1.08

60/30/10 0 2.89 2.44 2.16 1.28
3 1.68 1.67 1.61 1.18

70/20/10 0 4.97 4.73 3.20 1.32
3 1.92 1.96 1.83 1.21

50/50/0 3 1.37 1.38 1.35 1.07
5 1.26 1.24 1.22 1.04
7 1.27 1.28 1.27 1.06

60/40/0 3 1.48 1.49 1.45 1.13
70/30/0 3 1.68 1.68 1.63 1.19
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Table B4 The swelling index at room temperature for 7 days after aging

ENR/PVDF/PLA, 
% wt

DBPH,
phr

Swelling index
Gasohol

91
Gasohol

95 E20 E85

100/0/0 3 3.20 3.16 3.00 1.33
5 2.69 2.60 2.51 1.30
7 2.36 2.31 2.24 1.30

50/40/10 0 2.91 2.81 2.44 1.25
3 1.46 1.47 1.42 1.13
5 1.45 1.42 1.40 1.14
7 1.34 1.34 1.33 1.08

60/30/10 0 3.08 2.92 2.47 1.31
3 1.68 1.67 1.61 1.18

70/20/10 0 5.41 5.20 4.53 1.33
3 1.92 1.96 1.83 1.21

50/50/0 3 1.38 1.39 1.36 1.12
5 1.31 1.29 1.27 1.10
7 1.30 1.30 1.29 1.12

60/40/0 3 1.51 1.52 1.45 1.17
70/30/0 3 1.71 1.71 1.65 1.21
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Table B5 The swelling index at 100 °c for 24 hours before aging

ENR/PVDF/PLA, 
% wt

DBPH,
phr

Swelling index
Gasohol

91
Gasohol

95 E20 E85

100/0/0 3 2.84 2.78 2.82 1.55
5 2.57 2.50 2.44 1.50
7 2.12 2.02 1.92 1.40

50/40/10 0 - - - -

3 1.60 1.50 1.69 1.23
5 1.50 1.47 1.47 1.21
7 1.43 1.41 1.39 1.21

60/30/10 0 - - - -

3 1.90 1.84 1.81 1.25
70/20/10 0 - - - -

3 2.22 2.18 2.46 1.26
50/50/0 3 1.53 1.47 1.64 1.30

5 1.44 1.37 1.38 1.24
7 1.41 1.38 1.34 1.24

60/40/0 3 1.71 1.68 1.65 1.35
70/30/0 3 1.98 1.86 1.96 1.33



160

Table B6 The swelling index at 100 °c for 7 days before aging

ENR/PVDF/PLA, 
% wt

DBPH,
phr

Swelling index
Gasohol

91
Gasohol

95 E20 E85

100/0/0 3 2.84 2.89 2.86 1.55
5 2.58 2.55 2.50 1.51
7 2.12 2.08 1.96 1.39

50/40/10 0 - - - -

3 1.63 1.55 1.73 1.37
5 1.53 1.52 1.53 1.21
7 1.42 1.39 1.39 1.19

60/30/10 0 - - - -

3 1.90 1.92 1.87 1.26
70/20/10 0 - - - -

3 2.43 2.31 2.48 1.33
50/50/0 3 1.57 1.54 1.68 1.46

5 1.47 1.41 1.42 1.24
7 1.41 1.39 1.34 1.23

60/40/0 3 1.73 1.87 1.68 1.34
70/30/0 3 2.13 1.97 1.97 1.41
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Table B7 The swelling index at 100 °c  for 24 hours after aging

ENR/PVDF/PLA,
% wt

DBPH,
phr

Swelling index
Gasohol

91
Gasohol

95 E20 E85

100/0/0 3 2.90 2.81 2.87 1.56
5 2.56 2.48 2.53 1.53
7 2.10 2.03 2.01 1.45

50/40/10 0 - - - -
3 1.54 1.58 1.71 1.30
5 1.45 1.52 1.42 1.19
7 1.41 1.42 1.38 1.16

60/30/10 0 - - - -
3 1.97 1.89 1.85 1.25

70/20/10 0 - - - -
3 2.48 2.40 2.47 1.32

50/50/0 3 1.50 1.47 1.65 1.29
5 1.41 1.39 1.34 1.20
7 1.37 1.40 1.36 1.18

60/40/0 3 1.73 1.70 1.59 1.25
70/30/0 3 1.96 1.95 2.00 1.34
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Table B8 The swelling index at 100 °c for 7 days after aging

ENR/PVDF/PLA,
% wt

DBPH,
phr

Swelling index
Gasohol

91
Gasohol

95 E20 E85

100/0/0 3 2.89 2.87 2.87 1.56
5 2.52 2.51 2.55 1.54
7 2.11 2.08 2.02 1.45

50/40/10 0 - - - -
3 1.62 1.61 1.75 1.45
5 1.49 1.55 1.51 1.18
7 1.40 1.43 1.36 1.15

60/30/10 0 - - - -
3 1.95 1.95 1.87 1.23

70/20/10 0 - - - -
3 2.72 2.63 2.47 1.39

50/50/0 3 1.53 1.52 1.68 1.52
5 1.43 1.42 1.41 1.20
7 1.37 1.42 1.37 1.19

60/40/0 3 1.73 1.76 1.62 1.26
70/30/0 3 2.13 2.05 2.01 1.42
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Data of oil swelling index before aging in chapter V were shown in Tables 
B9 -  B12 and data of oil swelling index after aging were shown in Tables B13 -  
B16. The results included immersion at room temperature and 100 °c for both of 24 
hours and 7 days.

Table B9 The swelling index of organoclay-filled TPV at room temperature for 24 
hours before aging

ENR/PVDF/ 
PLA, % wt

Organoclay,
phr

Swelling index
Gasohol

91
Gasohol

95 E20 E85

50/40/10 0 1.33 1.37 1.34 1.11
3 1.37 1.36 1.34 1.07
5 1.37 1.36 1.33 1.08
7 1.34 1.34 1.31 1.08
10 1.35 1.33 1.31 1.07

50/50/0 0 1.27 1.28 1.25 1.07
3 1.30 1.28 1.30 1.04
5 1.32 1.32 1.31 1.09
7 1.31 1.31 1.28 1.10
10 1.35 1.34 1.31 1.11
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Table BIO The swelling index of organoclay-filled TPV at room temperature for 7
days before aging

ENR/PVDF/ 
PLA, % wt

Organoclay,
phr

Swelling index
Gasohol

91
Gasohol

95 E20 E85

50/40/10 0 1.43 1.41 1.36 1.12
3 1.37 1.36 1.35 1.10
5 1.37 1.37 1.33 1.11
7 1.35 1.34 1.32 1.11
10 1.35 1.34 1.31 1.11

50/50/0 0 1.31 1.30 1.29 1.12
3 1.31 1.30 1.31 1.08
5 1.33 1.34 1.33 1.14
7 1.33 1.32 1.29 1.12
10 1.36 1.36 1.31 1.12
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Table B ll The swelling index of organoclay-filled TPV at room temperature for 24
hours after aging

ENR/PVDF/ 
PLA, % wt

Organoclay,
phr

Swelling index
Gasohol

91
Gasohol

95 E20 E85

50/40/10 0 1.44 1.41 1.39 1.10
3 1.38 1.36 1.33 1.06
5 1.37 1.38 1.34 1.08
7 1.38 1.37 1.33 1.07
10 1.35 1.35 1.34 1.06

50/50/0 0 1.26 1.24 1.22 1.04
3 1.33 1.31 1.31 1.08
5 1.31 1.32 1.29 1.09
7 1.31 1.33 1.28 1.08
10 1.36 1.35 1.32 1.11
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Table B12 The swelling index of organoclay-filled TPV at room temperature for 7
days after aging

ENR/PVDF/ 
PLA, % wt

Organoclay,
phr

Swelling index
Gasohol

91
Gasohol

95 E20 E85

50/40/10 0 1.45 1.42 1.40 1.14
3 1.38 1.37 1.34 1.11
5 1.39 1.37 1.35 1.10
7 1.39 1.37 1.35 1.11
10 1.37 1.36 1.35 1.10

50/50/0 0 1.31 1.29 1.27 1.10
3 1.34 1.34 1.34 1.13
5 1.32 1.33 1.30 1.13
7 1.33 1.34 1.29 1.12
10 1.37 1.36 1.33 1.13



167

Table B13 The swelling index of organoclay-filled TPV at 100 °c  for 24 hours
before aging

ENR/PVDF/ 
PLA, % wt

Organoclay,
phr

Swelling index
Gasohol

91
Gasohol

95 E20 E85

50/40/10 0 1.50 1.47 1.47 1.21
3 1.46 1.47 1.43 1.18
5 1.47 1.47 1.44 1.16
7 1.50 1.47 1.39 1.18
10 1.46 1.47 1.41 1.18

50/50/0 0 1.44 1.37 1.38 1.24
3 1.43 1.41 1.51 1.19
5 1.45 1.44 1.51 1.19
7 1.42 1.43 1.49 1.19
10 1.42 1.45 1.50 1.19
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Table B14 The swelling index of organoclay-filled TPV at 100 °c for 7 days before
aging

ENR/PVDF/ 
PLA, % wt

Organoclay,
phr

Swelling index
Gasohol

91
Gasohol

95 E20 E85

50/40/10 0 1.53 1.52 1.53 1.21
3 1.47 1.51 1.52 1.17
5 1.48 1.51 1.43 1.16
7 1.48 1.50 1.41 1.16
10 1.50 1.50 1.51 1.21

50/50/0 0 1.47 1.41 1.42 1.24
3 1.44 1.42 1.54 1.20
5 1.46 1.45 1.55 1.21
7 1.43 1.44 1.53 1.19
10 1.43 1.46 1.55 1.20
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Table B15 The swelling index of organoclay-filled TPV at 100 °c for 24 hours
after aging

ENR/PVDF/ 
PLA, % wt

Organoclay,
phr

Swelling index
Gasohol

91
Gasohol

95 E20 E85

50/40/10 0 1.45 1.52 1.42 1.19
3 1.45 1.47 1.42 1.18
5 1.48 1.47 1.42 1.17
7 1.48 1.47 1.41 1.18
10 1.49 1.45 1.42 1.18

50/50/0 0 1.41 1.39 1.34 1.20
3 1.42 1.46 1.51 1.19
5 1.44 1.43 1.52 1.20
7 1.40 1.39 1.49 1.18
10 1.44 1.44 1.53 1.20
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Table B16 The swelling index of organoclay-filled TPV at 100 °c  for 7 days after
aging

ENR/PVDF/ 
PLA, % wt

Organoclay,
phr

Swelling index
Gasohol

91
Gasohol

95 E20 E85

50/40/10 0 1.49 1.55 1.51 1.18
3 1.48 1.51 1.49 1.16
5 1.48 1.51 1.43 1.17
7 1.51 1.51 1.44 1.16
10 1.51 1.50 1.51 1.21

50/50/0 0 1.43 1.42 1.41 1.20
3 1.43 1.47 1.54 1.20
5 1.45 1.44 1.55 1.21
7 1.40 1.41 1.53 1.19
10 1.43 1.46 1.55 1.20
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Table B17 The swelling index of TPV both of NBR and ENR system at room 
temperature for 24 hours

Data of oil swelling index before and after aging in chapter VI were shown in
Tables B17 -  B20. The results included immersion at room temperature and 100 °c
for both of 24 hours and 7 days.

NBR/PVDF/ 
PLA, % wt

Aging Sw elling index

Before After Gasohol
91

Gasohol
95 E20 E85

50/40/10 V 1.17 1.15 1.15 1.06
Y 1.15 1.15 1.14 1.06

50/50/0 V 1.20 1.17 1.15 1.06
Y 1.19 1.16 1.15 1.05

ENR/PVDF/
Aging Swelling index

PLA, % wt Before After Gasohol
91

Gasohol
95 E20 E85

50/40/10 V 1.33 1.37 1.34 1.11
Y 1.44 1.41 1.39 1.10

50/50/0 V 1.27 1.28 1.25 1.07
Y 1.26 1.24 1.22 1.04
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Table B18 The swelling index of TPV both of NBR and ENR system at room 
temperature for 7 days

NBR/PVDF/ 
PLA, % wt

Aging Swelling index

Before After Gasohol
91

Gasohol
95 E20 E85

50/40/10 ✓ 1.23 1.22 1.22 1.11
y 1.22 1.21 1.20 1.12

50/50/0 y 1.24 1.22 1.22 1.11
y 1.24 1.22 1.21 1.11

ENR/PVDF/
Aging Swelling index

PLA, % wt Before After Gasohol
91

Gasohol
95 E20 E85

50/40/10 y 1.43 1.41 1.36 1.12
y 1.45 1.42 1.40 1.14

50/50/0 y 1.31 1.30 1.29 1.12
y 1.31 1.29 1.27 1.10
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Table B19 The swelling index of TPV both of NBR and ENR system at 100 °c for 
24 hours

NBR/PVDF/ 
PLA, % wt

Aging Swelling index

Before After Gasohol
91

Gasohol
95 E20 E85

50/40/10 ร 1.25 1.22 1.34 1.24
V 1.23 1.21 1.35 1.25

50/50/0 V 1.28 1.27 1.28 1.24
Y 1.27 1.25 1.28 1.22

ENR/PVDF/
Aging Swelling index

PLA, % wt Before After Gasohol
91

Gasohol
95 E20 E85

50/40/10 v' 1.50 1.47 1.47 1.21
ร 1.45 1.52 1.42 1.19

50/50/0 V 1.44 1.37 1.38 1.24
y 1.41 1.39 1.34 1.20
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Table B20 T h e  s w e l l in g  in d e x  o f  T P V  b oth  o f  N B R  and E N R  s y s te m  at 100 °c for 7
d ay s

NBR/PVDF/ 
PLA, % wt

Aging Swelling index

Before After Gasohol
91

Gasohol
95 E20 E85

5 0 /4 0 /1 0 V 1.23 1.22 1 .3 4 1.35

y 1.21 1.21 1.33 1.35

5 0 /5 0 /0 V 1.28 1 .27 1.31 1.25
Y 1 .27 1 .26 1 .30 1.23

ENR/PVDF/ 
PLA, % wt

Aging Sw elling index

Before After Gasohol
91

Gasohol
95 E20 E85

5 0 /4 0 /1 0 ✓ 1.53 1.52 1 .53 1.21

1 .49 1.55 1.51 1 .18

5 0 /5 0 /0 ✓ 1 .47 1.41 1 .4 2 1 .24

1.43 1 .42 1.41 1 .2 0
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