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APPENDICES
Appendix A: Calculations of Crystallinity Percentage

The calculations of crystallinity percentage were shown helow 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 Jig.

From xc(%)= A H mple x 100
An ref

AH*apie is the measured enthalpy of sample. AFIOef is the enthalpy of
melting per gram of 100 % crystalling of sample.

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

Percent crystallinity of PVDF = xpvDF (%) = *** "= x 100

AfPrvn ¢

32.4

104 X100

= 31%

Percent Crystallinity of PLA
From the measured result, AH*plais 10.9 Jig and AH"plais 93 Jg.

Percent crystallinity of PLA = Xpla(%) - 1'QBA X

10.9
X1
g3 00

12%
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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) (%) = fr XIGQ

PVDF)

And Xeoidewy (%) = 1% % % 4 = 100

XBierd (pvor) 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

Jg-

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

Blend

Xsiend (PVDF) (%) (0.8 % A - pyf) X2

24.3
(as X1.04.7)

= 29%

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

X 100

Xp“'a0h)= (A % 100

067
(02 X93)

= 3.6%
PLA peak 2: From the measured result, AHBiend (PLA) IS 0-27 Jig and AH°pla i

x 100

93 J/g.
XBiend (pLA) (% ) = §) 100
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Xglend (PLA) ©7° = (0'20%(793) x 100

14%

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) (%) = X 100

(0 .4X4nn)

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

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

The ENR/PVDF/PLA ratio of 70/30/0:
Xtpv (PVDF) (%) = (0.3 x M °Tojn x 0

X tpv (PVDF) 1S the relative percent crystallinity of the PVDF in the TPV blend.
AHTPV 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(pvdlf) is 13.4 JIg and AHpvafls 104.7 Jfg.

XeovPDH)= (04% M) *100

(0.4 x 104.7) x 100
= 2%
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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.

Xtovlpudf (%)= (0aA" 7 ) *100

107
(0.4 x 104.7)

= 255%

The ENR/PVDF/PLA Ratio of 50/40/10 at DBPH 7 phr;
From the measured result, AH¥IPV (ovaf) is 6.0 J/g and AHPVDRIS 104.7 J/g.

x 100

XTPVAVDR() = (04 * 100
6.0
04 X1047) ¥100
= 144%

t The ENR/PVDF/PLA Ratio of 50/50/0 at DBPH 3 phr,
From the measured result, AH TPV(puetf) is 155 JIg and AHCpvafls 104.7 Jlg.

XTPVPVDR®= (0" ai 70 x 100
155
(05 X 104.7) * 100
= 29.6%
‘¢ The ENR/PVDF/PLA Ratio of 50/50/0 at DBPH 7 phr;
From the measured result, AH*tpv(pvelf) is 12.9 J/g and AHpvafls 104.7 Jlg.

AT
(Tov (VR (%)= (0.5 XAI—T|P\\/vdf) x 100

129
(05 x 104.7) * 100

2417 %
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The ENR/PVDF/PLA Ratio of 70/20/10 at DBPH 3 phr;
From the measured result, AH tpv(pvaf) is 5.2 JIg and AH°pvdfis 104.7 J/g.

Xt VDR (%)=, X100

= oz 00
24.6 %

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

Xtpu (PVEF) (% )= 1 100

(0.3 x 104.7) * 100
= 24%



Appendix B: Oil Swelling Index
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Data of oil swelling index before aging in chapter IV were shown in Tables
Bl - B4 and data of oil swelling index after aging were shown in Tables B5 - BS.
The results included immersion at room temperature and 100 °c for both of 24 hours

and 7 days.

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

ENR/PVDF/PLA, DBPH,

% wt

100/0/0

50/40/10

60/30/10

70/20/10

50/50/0

60/40/0
70/30/0

phr

LW W J U1 QLW W O W O N U1 LW o N o1 w

Gasohol
a1

302
2.66
2.19
2.05
143
13
133
2.46
164
4.20
110
13
121
128
149
165

Swelling index
Gasohol

0 E20
2.86 2.5
2.55 2.3
2.08 2.00
240 175
141 138
137 1.34
132 1.26
2.49 2.15
159 141
4,04 2.90
181 184
135 149
128 125
128 128
148 145
167 163

E85

1.29
1.26
121
117
112
111
1.08
123
L17
130
122
110
107
1.06
113
119
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Table B2 The swelling index at room temperature for 7 days before aging

ENRPVDFPLA, DIPH G:::E!:ng ndex
% wt phr 1 " EN  ES5
100100 3310 3B 28 1R
5 om0 250 1%
Y Y R Y
50/40/10 0 25 2% 24 119
38 W 1M 1D
5 18 W 1% 1D
71 1% 13 1B
60130110 0 260 266 3 12
3 1% 1M 1% 1
7020010 0 5% 480 4% 131
318 10 180 12
5055010 3 1N 1y 1B
51 1 1® 1
7 1 1
6014010 31 1% 17 18
703000 3 18 18 16 12
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Table B3 The swelling index at room temperature for 24 hours after aging

ENRPVDRPLA DBPH, G:S":E!:ng ndex
Yowt phr " " EX  E&
100100 3316 3@ M 1%
5 268 2% 2% 120
A Y Y.
50/40/10 020 M3 26 12
3 16 18 1L 1
5 14 1 1% L0
7w 1M 1B 10
60/30/10 0 28 24 216 1%
318 167 16 118
70120010 0 497 4T 3 1R
319 1% 18 1
5015010 31y 1B 1% 10
5 1% 14 12 1M
e
6014010 3 g 18 15 11
7003000 318 18 18 L1
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Table B4 The swelling index at room temperature for 7 days after aging

Swelling index
ENR/PVDF/PLA, DBPH, Gaschol Gasohol

Yout phr " " EN  ES5
100/0/0 3 320 3.16 3.00 133
5 2.69 2.60 251 1.30

1 2.36 231 2.24 1.30

50/40/10 0 291 281 2.44 1.5
3 146 147 142 113

5 145 142 140 114

! 1.34 1.34 1.33 1.08

60/30/10 0 308 2.92 247 131
3 1.68 167 161 118

70720710 0 b4l 520 4,53 133
3 192 1.9 183 121

50/50/0 3 138 139 1.36 112
5 131 129 1.2 110

T 130 130 129 112

60/40/0 3 151 152 145 117
10/30/0 3 171 17 1.65 121
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Table B5 The swelling index at 100 °c for 24 hours before aging

Swelling incex
ENR/F;VDF/PLA, DBPH, Gaschol  Gasohal

ot phr 1 " E0  ES5
100/0/0 3 2.84 2.18 2.82 155
5 257 2.50 2.44 150
I 2.12 2.02 192 140

50/40/10 0 | | | |
3 1.60 150 1.69 123
5 150 147 147 121
/ 143 14 1.39 121

60/30/10 0 | | |
3 190 184 181 1.5

70/20/10 0 | |
3 2.2 2.18 2.46 1.26
50/50/0 3 153 147 1.64 130
5 1.4 1.37 1.38 1.24
T 14 138 1.3 1.24
60/40/0 3 17 168 1.65 1.3
70/30/0 3 198 186 1.9 1.33



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

Swelling index
ENR/PVDF/PLA, DBPH, Gasonol Gason

% wt phr " " E20
100/0/0 3 2.84 2.89 2.86
5 2.58 2.55 2.50
! 2.12 2.08 1.%

50/40/10 0 | | |
3 1.63 155 173
5 153 152 153
! 142 1.39 1.39

60/30/10 0 , | |
3 190 192 187

70720110 0 | | |
3 2.43 231 2.48
50/50/0 3 157 154 168
5 147 14 142
1 141 1.39 1.3
60/40/0 3 173 187 168
70/30/0 3 2.13 197 197

E85

1%
151
1.39

1371
121
119

126
13
146
124
123

1.34
141
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Table B7 The swelling index at 100 °c for 24 hours after aging

Swelling index
ENR/PVDF/PLA, DBPH, Gaschol  Gasahal
Yout phr " " E0  ES
100/0/0 3 2.90 281 2.87 156
5 2.56 2.48 2.53 153
7 2.10 2.03 201 145
50/40/10 0 - - - -
3 1.4 158 171 130
5 145 152 142 119
! 141 142 1.38 1.16
60/30/10 0
3 197 1.89 185 1.5
70/20/10 0 - - - -
3 2.48 2.40 247 1.32
50/50/0 3 150 147 1.65 1.29
5 14 1.39 1.34 120
1 1.37 140 1.36 118
60/40/0 3 173 1.70 159 1.5
70/30/0 3 1.9% 1% 2.00 1.34
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Table B8 The swelling index at 100° for 7days after aging

ENRPVDFPLA, DBPH, Gassvovslollmg ndex
% wt phr " % E0  E85
100/010 3 289 287 281 156
R
7 a8 2 16
50/40/10 0 / - : -
3 1@ 1§ 1B 16
5 149 1% 151 118
7 W 1% 15
60130110 0 - - : -
316 1% 181 12
70020110 0 - - - :
T a8 24T 139
50/500 71 1R 18 1R
513 1 12
7y w1y 11
6014010 3B 16 1 1%
7013000 3 a3 25 200 1L
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Data of il swelling index before aging in chapter \ 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

Swelling index
ENR/PVDF/  Organoclay,

PLA, % wt ohr Gasohol ~ Gasohol £20 -~
91 95

50/40/10 0 133 137 1.34 111
3 1.37 1.36 1.34 1.07

5 137 1.36 133 108

T 1.34 1.3 131 108

10 135 133 131 1.07

50/50/0 0 1.27 1.28 1.5 1.07
3 1.30 1.8 1.30 1.04

5 1.32 1.32 131 1.09

1 131 131 1.28 1.10

10 135 134 131 11
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Table BIO The swelling index of organoclay-filled TPV at room temperature for 7

days before aging

ENR/PVDF/  Organoclay,

PLA, %wt

50/40/10

50/50/0

phr
0
3
5
1

10
0

10

Gasohol
9

143
137
137
13
13
131
13
133
133
136

Swelling index
Gasohol

% E20
141 1.36
136 13
137 13
134 132
134 131
130 1.9
130 131
134 13
132 129
136 131

E85

112
110
111
11
11
112
108
114
112
112
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Table BII The swelling index of organoclay-filled TPV at room temperature for 24

hours after aging

ENR/PVDF/  Organoclay,

PLA, % wt

50/40/10

50/50/0

phr

0
3
5
/

Gasohol
01

144
138
137
138
135
1.26
133
131
131
136

Swelling index
Gasohol

o5 E20
141 1.39
1.36 13
138 1.34
137 133
135 1.34
124 12
131 131
132 129
13 128
135 132

E85

110
1.06
108
107
106
104
108
109
108
11
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Table B12 The swelling index of organoclay-filled TPV at room temperature for 7

days after aging

ENR/PVDF/  Organoclay,

PLA, % wt

50/40/10

50/50/0

phr

0
3
5
!

Gasohol
|

145
138
1.39
139
137
131
1.34
132
133
137

Swelling index
Gasohol

" E20
14 140
137 1.34
137 135
137 135
136 135
1.29 127
134 134
133 1.30
1.34 1.29
136 133

E85

114
111
110
11
110
110
113
113
112
113



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

before aging

ENR/PVDF/  Organoclay,

PLA, % wt

50/40/10

50/50/0

phr
0
3
5
1

10
0

10

Gasohol
91

1.50
146
147
150
146
144
143
14
142
142

Swelling index
Gasohol
05 E20
147 147
147 143
147 144
147 139
147 141
137 138
14 151
14 151
143 149
145 150

E85

12
118
116
118
118
124
119
119
119
119

167



168

Table B14 The swelling index of organoclay-filled TPV at 100 Chor7 days before

aging

ENR/PVDF/  Organoclay,

PLA, % wt

50/40/10

50/50/0

phr
0
3
5
1

10
0

10

Gasohol
a1

153
147
148
148
150
147
144
146
143
143

Swelling index
Gasohol

" E20
152 153
151 152
151 143
150 14
150 151
141 142
142 154
145 155
144 153
146 155

E85

12
117
116
116
12
124
1.20
121
119
120



Table B15 The swelling index of organoclay-filled TPV at 100 °c for 24 hours

after aging

ENR/IPVDF/  Organoclay,

PLA, % wt

50/40/10

50/50/0

phr
0
3
5
!

10
0
3
5
/
10

Gasohol
9

145
145
148
148
149
14
142
144
140
144

Swelling index
Gasohol
% E20
152 142
147 142
147 142
L47 141
145 142
1.39 1.34
146 151
143 152
1.39 149
144 153

E85

119
118
117
118
118
1.20
119
1.20
118
1.20
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Table B16 The swelling index of organaclay-filled TPV at 100 °c for 7 days after

aging

ENR/PVDF/  Organoclay,

PLA, % wt

50/40/10

50/50/0

phr
0
3
5
1

10
0

10

Gasohol
91

149
148
148
131
151
143
143
145
140
143

Swelling index
Gasohol

05 E20
155 151
151 149
151 143
151 144
150 151
142 141
147 154
144 155
14 153
146 155

E85

118
116
117
116
12
120
1.20
12
119
1.20
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1

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

Table B17 The swelling index of TPV both of NBR and ENR system at room
temperature for 24 hours

Aging Swelling index
NBR/PVDF/ Gaschol  Gasofol
PLA, %Wt Before  After a;i 0 a;(; = E85
50/40/10 V 117 1155 115 1.06
Y 115 115 1.14 1.06
50/50/0 Vv 120 117 115 1.06
Y 1.19 116 115 105
Agin Swelling index
ENR/PVDF/ ong = ol J
PLA, %Wt Before  After Ga;i : Ga;% "m0 B
50/40/10 Vv 13 137 134 111
Y 14 141 139 1.10
50/50/0 Vv 127 128 125 1.07

Y 1.26 124 122 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

Aging Swelling index
NBR/PVDF/ sl Gl

PLA %Wt Before After a;‘i 0 a;g =
50/40/10 12 12 1
o 1R
50/50/0 y 4 1» 12 1
o121 1

Aain Swelling ind

ENRIPVDF/ ng \ Whl'g' X
PLA, %Wt Before  After Gagcl’ \ Ga;g = =
50/40/10 y 1% 11
s 1 W 11
50/50/0 y 3 10 18 1w

131 1.29 127 110
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Table B19 The swelling index of TPV both of NBR and ENR system at 100 °C for
24 hours

Aging Swelling index
NBR/PVDF/ Gasonol Gasahal

PLA, %Wt Before  After a;(l’ 0 a;‘; =
50/40/10 1.25 122 1.3 124
v 1.23 12 1.3 125
50/50/0 V 1.28 1.27 1.28 1.24
s 127 1.25 1.28 122

Agin Swelling inde

ENRIPVDF/ g \ Whl'g' "
PLA %Wt Before  After Ga;i \ Ga;g =3
50/40/10 V 150 147 147 121
145 152 142 1.19
50/50/0 Vv 144 1.37 1.8 124

y 141 1.39 134 1.20
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Table B20 The swelling index of TPV both of NBR and ENR system at 100 °C for 7
days

Aging Swelling inclex
NBR/PVDF/
PLA %Wt Before After Con0l GO0 gy g
9 95
50/40/10 v 1.23 1.22 1.34 1.35
y 1.21 1.21 1.33 1.3
50/50/0 v 1.28 1.27 131 1.25
Y 1.27 1.26 1.30 1.23
ENRIPVDF! Aging Swelling index
PLA %Wt Before  After Co0r0 GOl by g
9 95
50/40/10 153 152 153 1.21
1.49 1.55 1.51 1.18
50/50/0 147 1.41 1.42 1.24

1.43 1.42 141 1.20
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