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Figure A.7 "H NMR spectrum of cardanol.
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APPENDIX B

In this research the rheometer was used for determination.of afienl characteristics and vulcanization curve, respectively.

Table B.1 Vulcanization characteristics of rubber c

///BGV

A B Bl B2 ﬁ Aﬁ ’\\\ DI E El E2 E3

Min t 1% 1.26 1.26 1.26 5 \ 1.24 1.13 0.98 0.98 0.93 0.96
™1 115 1.01 1.05 1.06 g5 L’ 9' 18 1.18 0.97 0.88 0.80 0.83 0.82

A f ¥
Max t 1% | 9.58 8.95 9.57 9.07 6.76 8.83 8.50 8.86 8.94 8.51
2" | 9.42 8.79 9.31 6.82 8.78 8.30 8.57 8.62 9.30

Deltat | 1™ | 832 | 7.69 831 7917 9i9——#o=mOndq 552 770 | 7.52 7.88 801  7.55
2| 827 | 778 826 B8R 00| 564 781 | 742 777 179 848

Too 1% | 5.24 332 5.29 BJ ﬁ ﬁﬁl ﬁﬁ §17 6.29 5.37 5.28 5.15 4.37
2™ | 6.05 6.09 5.56 E] E] w "3 n £37 6.35 7.43 6.35 5.98 3.99

Rate 1* | 0.68 0.57 0. . 0.46 0.36 0.50 0.51 0.61
2™ | 0.68 0.59 0. ﬂﬂﬁ ﬁ \1 fz?atu %I r] ??:I EJ jgﬂ 0.45 0.37 0.51 0.49 0.60




APPENDIX C
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Figure C.2 A vulcanization curve of compound B.
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APPENDIX D

D.1 Mechanical Properties of Compounds A-E

Table D.1 Tensile strength of rubber compounds A-E

A
Examples BN kﬁ,ll: i‘{fﬁﬁ' a) - Average
, ‘W eriment
A 24.18
B 24.07
Bl 26.04
B2 24.79
B3 23.98
C 23.62
Cl 24.66
D 21.86
D1 23.69
E .6 14.81
El ;‘:‘mﬁ:‘ 15.30
E2 j 4. aill v 16.35
E3 18.84 + 174 49 17.50
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Table D.2 Elongation of rubber compounds A-E

Elongation (%)
Examples Average
1** Experiment 2" Experiment
A 649.48 + 10.37 576.87 + 2.89 613.18
B 616.17 + 12.89 623.37 +11.39 619.77
Bl 651.47 +8.76 615.17 + 12.51 633.32
B2 662.93 +10.52 624.90 + 10.02 643.92
B3 660.23 + 599.13 + 12.96 679.68
C 637 17ebs fz\'le 508 © 16.56 635.08
cr 39051001 | ZESHOS 16.43 645.07
D 643.50
D1 //%‘\\x 657.16
E 665.10
El 672.32
E2 677.43
E3 688.80
Table D.3 Modulus 500% o
Examples Average
A 15.96
B U 13.16 + 0.39 5.48 + 0190 1432
Bl €465+ 0.67 | @r 13.00 +0.42 13.83
e mmommwmm 1371
B3 il 1353103 | 8 +0.25 o 1336
AT T
Tl 11.95 + 0.97 12.65 + 0.42 12.30
D 11.98 +0.77 14.88 + 0.82 13.43
D1 13.23 +0.50 10.94 + 0.60 12.09
E 9.02 +0.36 10.00 + 0.42 9.51
El 9.46 + 0.39 10.80 + 0.42 10.13
E2 10.30 + 0.96 12.33 +0.75 11.32
E3 11.52 +0.55 12.11+0.76 11.82




Table D.4 Hardness (Shore-A) of rubber compounds A-E
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Hardness (Shore-A)

Examples Average
1** Experiment 2" Experiment

A 47.7 45.1 46.40

B 45.4 442 44.80

Bl 46.4 46.5 46.45

B2 46.7 47.0 46.85

B3 49.9.8 47.9 48.90

C \\\1/7/ ﬂ.g 23.05

Cl ﬁ 45.75

D , 36.4 37.00

DI N 44.55

E _ = *’ : 43.70

El : 45.25

E2 45.90

E3 46.65

Table D.5 Rebound resilieng€ (%ofiubb
Examples Average

A 79.8

B 76.8

Bl 80.1
B2 82.7
B3 . : . 83.1
AR TIVE T
c19 76.8 81.2 79.4 79.1

D 69.1 69.8 70.4 69.8
D1 80.4 78.2 77.4 78.7

E 68.9 70.7 68.9 69.5

El 68.7 70.7 71.9 70.4
E2 [=h 78.2 76.3 76.5
E3 75.7 79.0 79.2 78.0




APPENDIX E

The accelerated aging test was investigated for studying the reversion of rubber
compounds. The percentage of change in properties or % reversion was calculated as

following :

% reversion =

ardness)

Where
X, is the value o

X, is the value

AU INENTNEINS
ARIAIN TN TN



108

E.1 Reversion of aged rubber compounds
E.1.1 Aged for 1 day

Table E.1 % reversion of tensile strength for 1 day aging of rubber compounds

1** Experiment 2" Experiment
Average
Tensile Tensile
Examples % % of %
Strength Strength ) )
I'CVCI‘SIO 1 reversion reversion
(MPa) )
A 15.67+0.13 & -38.76 -34.98
B 16.35 + 0.36™we) -30.91 -29.41
Bl 18.93 + Ouid -23.08 -22.34
B2 19.28 +.8 -12.29 -14.45
B3 20.45 +4 % _10.37 -11.07
C 16.60 + 0.8 . -30.71 28.61
Cl 18.79 + 0. ‘ -18.44 -18.87
D 16.78 + 0.64 \( % T -22.24 -20.95
D1 18.69 + 1.5 21.10 -20.22
E 11.51 +0.94" ©1 | -18.25 -19.82
El 11.84 +0.76_| AL6801 <4 -14.99 -15.55
E2 123142082 | 1241 | 1649+092 _d 1.55 -11.98
E3 14.62%4¢ et 21 -8.64

ﬂummmwmm
amaﬁﬂ‘mumaﬂmaa
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Table E.2 % reversion of elongation for 1 day aging of rubber compounds

Qﬁ?ﬂﬂﬂimﬂﬁﬂﬂmaﬂ

1** Experiment 2" Experiment
: Average
Elongation Elongation
Examples % % of %
at break . at break ) _
reversion reversion reversion
(%) (%)
A 447.95+2237 | -31.03 | 406.08 +18.10 | -29.61 230.32
B 467.93 + 1658 | -24.06 | 475.81 +15.18 | -23.67 23.87
Bl 502.68 + 15.23 46812 + 1621 | -23.90 23,37
B2 533.95 +25.00 & '/)" 65+ 4.47 | -19.56 -19.51
B3 544,57 + 21 50 L=y 20.52 -19.02
C 526.48 + %‘ 2 -16.03 -16.70
Cl 540.00 + / tx ( 1613 | -15.79
\.'.:“a‘,
D 549.42 + / a = ‘ ’\*\‘"\ 03, | -14.16 -14.68
DI 558.35 + l / , 5 \ Wl | 1592 | -14.66
k‘ ix
E 557.27 F 16M¢ 9. o -12.64 21377
El 577.82 +40. a1 ) '" g 0 -13.58 1277
E2 574.02 + 299454 -12% % 8.74 -10.74
E3 614.37 +20.96 66 - -8.09 -9.38

ﬂ‘LJEl’JVIEW]?WEJ’]ﬂ‘i
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Table E.3 % reversion of modulus 500% for 1 day aging of rubber compounds

1** Experiment 2"¢ Experiment
Average
Modulus Modulus
Examples % % of %
500% ) 500% ) )
reversion reversion | reversion
(MPa) (MPa)
B2 13.77 + 0.67 14.65 17.77 £ 0.98 15:39 15.02
B3 15.64 +0.73 15.59 15.45+0.55 17.22 16.41
C 13.91 +0.56 9.3 7.49 +0.73 12.04 10.79
Cl 13.63+0.74 | # 0.97 16.76 15.39
D 13.61+0.7 1 ==0"56 14.58 14.10
D1 15.10 + 18.34 16.24
E 10.44 + 20.50 18.12
El 11.03 + 20.46 18.53
E2 12.06 + 21.17 19.13
E3 13.54 £0. 53 21.97 19.75
Example A, B and B1 can gbt
)
r ==
A2,

ARIAINTAUNM TN
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Table E.4 % reversion of hardness for 1 day aging of rubber compounds
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1* Experiment 2"¢ Experiment
Examples | Hardness % Hardness % Average
(Shore-A) | reversion | (Shore-A) | reversion
A 49.8 2.1 47.6 2.5 2,30
B 46.6 12 45.5 1.3 1.25
Bl 47.7 1.3 47.8 1.3 1.30
B2 48.8 8.7 1.7 1.90
B3 52.1 2.6 2.40
C 442 1.5 1.45
il 49. 1.4 220
D 39 1.1 1.35
D1 46 29 2.55
E 52.0 0.4 2.55
El 48.8 . 2.3 2.60
E2 43. % 2.0 2.50
E3 49.6 1 3RO, 2.7 3.00
A7,
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E.1:2 Aging for 3 days

Table E.5 % reversion of tensile strength for 3 days aging of rubber compounds

1** Experiment 2" Experiment
Average

Tensile Tensile

Examples % % of %
Strength . Strength ) )
reversion reversion reversion

(MPa) (MPa)
A 8.74+0.12 912+0.85 | -64.34 -62.99
B 942+0.18 | -54.79 -56.62
Bl 13.08 + 0.62 -46.39 -46.11
B2 14.59 + 0.60™==368 f+ ()R -37.03 -36.96
B3 15.06 + 0.16. S 633 008 | -34.15 -34.57

: - ,..-!"5" .
C 14.20 £ 0.4 | 13088 5082, -43.71 ~40.41
Cl 16.93 #0.1 96 -29.98 -28.63
D 14.26 1044 W 3152 -31.62
DI 16.57 + 0 23.59 -26.04
E 10.91 + 0.8 2330 2439
El 10.85 + 0.58 -13.12 -18.13
E2 11.46+0.15 | “YEa7—F2892+ 0. -15.57 -17.02
E3 13.28%0 : 217.32 -17.54

—

”
L

i

|
A¥

AU INENTNEINS
PRIANTUAMINYAE



113

Table E.6 % reversion of elongation for 3 days aging of rubber compounds

1* Experiment 2"¢ Experiment
_ _ Average
Elongation Elongation
Examples % % of %
at break ) at break ) )
reversion reversion | reversion
(%) (%)
A 25448 +28.62 | -60.82 |276.27+19.02 | -52.11 -56.47
B 303.53+16.13 | -50.74 | 297.60+10.15 | -52.26 -51.50
Bl 317.13 +64.21 | - \ .08 +18.10 | -50.24 -50.78
B2 389.37 +£40.86 | 1‘h\ 40.69 | -40.73 -41.00
: N
B3 397.80 + 16 9tmmmsstt: /5 , -40.90 -40.33
C 372.30 £ 38w -48.48 | -45.03
C1 396.77 +.3 -31.22 -34.57
D 389.53 + 48~ -42.96 -41.42
D1 501.70 + / éj 2281 | -22.50
4
E 542.62 + 21485 , #. 13 -18.09 -17.61
El | 548.98 +M6.90 F.1635 -16.86 | -16.61
E2 549.58 + 18763 -16.83 -16.64
E3 547.23 + 30.80 -15.39 -15.95
Table E.7 % reversionjo 1us 500% fo %y bber compounds
" Lw D ':_r, 7 lent
i:,h e Average
Modulus “"Modulus L.
Examples of %
500% € @ 500% -
A48 TIEY I W8N
+0. s <19 =), . s
Dl, | 1?.81_064 | 179 §0 7 13 15-&0,77 7 20 2&’ 19.85
TN IR e
E1§ 11.75 +10.59 24.21 13.28 +0.77 22.96 23.59
E2 13.20+0.70 28.16 15.68 +0.75 27.17 27.67
E3 14.80 + 0.64 28.47 15.62 + 0.81 28.98 28.73

Example A, B, B1, B2, B3, C, C1 and D can not determine




Table E.8 % reversion of hardness for 3 days aging of rubber compounds
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1** Experiment 2"% Experiment
Examples | Hardness % Hardness % Average
(Shore-A) | reversion | (Shore-A) | reversion
A 50.1 2.4 47.7 2.6 2.50
B 47.6 2.2 46.6 2.4 2.30
Bl 49.0 2.6 48.9 2.4 2.50
B2 49.8 3 ‘ 9.9 2.9 3.00
B3 52.8 3.1 3.00
C | 450 m : 1.8 2.00
C1 48.8 ‘ 2.4 2.30
D 39 ' : 23 2.10
Dl 46. ; 27 2.60
E 50.3 2.5 2.75
El 48! N 2.9 2.80
E2 48. 9 O 2.7 2.80
E3 49.8 | 3 A7 9. 2.9 3.20
A7,
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