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APPENDIX B

Dynamic Mechanical Properties of Grafted Natural Rubber
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APPENDIX C

Mechanical Properties of STR SL/PMMA/NR-g-St/GMA Blends

Table C-1 Tensile Strength of STRSL/P \}\ ”/)at Ratio of 70/30

Vulcanization
NR-g-SGMA 5 10 15 20
content (phr)
Tensile strength, (MPa) 231 | 4.13 2.61 2.76
261 | 3.36 245 | 2.52
225 | 343 262 | 2.60
Mean 239 | 3.64 2.56 | 2.62
S.D. 0.19 | 042 | 0.09 | 0.12
Table C-2 Elongation at Breakiof STRSL/PMMAgBlends at Ratio of 70/30
ﬂ‘LJﬂ’JTIEW]ﬁWE’]f’ P}
q WJ q %Vﬁﬁ J%J %q 3 5\ %q E q écgll'zation
NR-g-SUGMA RIS 1 0 10 15 20
content (phr)
Elongation at break, (%) 52.8 |236.8 | 114.7 | 289.2 | 174.4 | 515.2 | 637.6 | 715.6 | 507.0 | 394.0
70.4 | 204.8 | 165.3 | 236.4 | 230.7 | 491.2 | 749.3 | 680.0 | 509.0 | 285.7
68.8 | 254.4 | 146.7 | 262.4 | 202.0 | 429.1 | 761.8 | 649.7 | 460.0 | 374.4
Mean 64.0 | 232.0 | 142.2 | 260.6 | 202.4 | 478.5 | 716.2 | 681.7 | 492.0 | 351.4
S.D. 9.73 | 25.1 255 | 23.4 | 283 | 4443 | 683 | 33.0 27.7 | 577




Table C-3 Stress @ 100% Modulus of STRSL/PMMA Blends at Ratio of 70/30

98

Unvulcanization Vulcanization
NR-g-SYGMA 0 5 10 15 20 0 5 10 15 20
content (phr)
Stress @ 100% modulus, 0.60 0.66 | 090 | 0.89 | 1.07
(MPa) 0.52 065 | 0.89 | 0.83 | 1.17
0.57 0.58 | 0.90 | 0.95 | 1.00
Mean 0.56 L 063 | 0.89 | 0.89 | 1.08
S.D. 0.04 | O. 0.04 | 0.01 | 0.06 | 0.08
Table C-4 Tear Strength of
Vulcanization
NR-g-SUGMA 0 d} & 5 10 | 15 | 20
Content (phr) | £
Tear strength (N/mm) 745 | 1024 13.@ 15.17 | 18.18 | 16.80 | 16.06
8.60 | 1098 13.75 18.59 | 18.69 | 16.82
:_ ol | 18.02 | 17.99 | 17.93
Mean l5!'16 10.31 8.26 | 17.82 | 16.93
S.D. 4 j_ 0.6 _,74‘ 0:29 095 | 0.94




Table C-5 Hardness of STRSL/PMMA Blends at Ratio of 70/30

99

Unvulcanization Vulcanization

NR-g-SYGMA 0 5 10 | 15 | 20 0 5 10 15 20
Content (phr)

Hardness (Shore A) 43.1 | 409 | 67.5 576 | 484 | 405 | 500 | 46.1 | 42.0

40.1 | 40.4 /5 7 | 487 | 40.8 | 466 | 42.6 | 40.0

43.4 90| 479 | 437 | 511 | 444 | 399

534 | 477200 | 580 :;.5. 473 | 477 | 521 | 458 | 400

47.1 | 414 | 470 | 466 | 407

Mean 434 414 | 500 | 458 | 40.0

S.D. 56 34 | 26 1.8 | 1.1

Table C-6 Tensile Strength of STRSE/PMMA Bl t Ratio of 50/50
2TV
| ‘u‘ Vulcanization

NR-g-SYGMA 0 10 15 20
Content (phr)

Tensile strength, (MPa) . 3.84 | 239

%82 3.79 | 2.86

Qﬂgﬁ 3.86 | 2.70

Mean 9 1.65 3.83 | 2.65

S.D. 0.14 | 0.12 | 0.07 | 0.09 | 0.04 | 0.15 | 0.65 | 0.85 | 0.04 | 0.10




Table C-7 Elongation at Break of STRSL/PMMA Blends at Ratio of 50/50

100

Unvulcanization Vulcanization
NR-g-SYGMA 0 5 10 | 15 | 20 0 5 10 | 15 20
Content (phr)
Elongation at break, (%) | 6.85 | 5.00 | 6.80 | 6 7.11 | 7.27 | 20.80 | 33.00 | 34.00 | 33.14
7.00 | 7.00 1 | 933 | 18.00 | 21.20 | 28.00 | 22.60
6.85 | 6.85 6.8 7.60 | 22.00 | 37.60 | 22.00 | 25.00
Mean 6.90 3 11.40 | 20.26 | 30.60 | 28.00 | 26.90
S.D. 0.08 1 205 | 845 | 6.00 | 5.52
i
% .J-;i
Table C-8 Stress @ 100% M6dults ﬁrg;' t Ratio of 50/50
Unvul r Vulcanization
NR-g-SYGMA 0 i P s 10 | 15 | 20
Content (phr) »
Stress@ 100% modulus, - - - - l.@ 2.06 1.15 | 1.33 =
(MPa) : '3 g - - 146 | 2.05 | 1.47 | 131 -
AU INYNT WD G | 156 | 55 | -
Mean L - - . - 133 | 2.02,,139 | 1.33 -
S.D. Qﬂjﬁ 12 0bay] 832 | 02 | -




Table C-9 Tear Strength of STRSL/PMMA Blends at Ratio of 50/50

101

Unvulcanization Vulcanization
NR-g-SYGMA 0 5 10 15 20 0 5 10 15 20
Content (phr)
Tear strength (N/mm) 13.00 | 14.63 | 18.82 | 19.33 | 18.55 | 17.47 | 22.30 | 19.67 | 16.01 | 13.82
14.68 | 20.79 | 19.53 | 16.32 | 13.71
17.28 21.48 | 19.86 | 16.12 | 11.93
Mean 14.98 21.52 | 19.68 | 16.15 | 13.15
S.D. 2.16 0.76 | 0.17 0.15 1.06
Table C-10 Hardness of S
Vulcanization
NR-g-SYGMA 5 10 15 20
Content (phr)
Hardness (Shore A) 85.0 739 | 74.0 76.0 | 68.9
74.2 679 | 625
74.4 67.6 50.1
75.7 683 | 599
B®h | 729 | 702
Mean 90.1 | 866 | 77.9 744 | 683 | 625
S.D. 3.5 19 | 49 | 19 | 40 | 71 | 22 | L1 45 | 81




102

Table C-11 Impact Energy of STRSL/PMMA Blends at Ratio of 50/50

Unvulcanization Vulcanization
NR-g-SYGMA 0 5 10 15 20 0 5 10 15 20
Content (phr)
Impact energy (J) - - - _
Mean - . = =
S.D. = = - -

U
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APPENDIX D

Oil Absorption

Oil absorption of vulcaniz blends at ratio of 70/30 and at

ratio of 50/50 were reported tehange. The weight of the sample

was recorded and the cal e di quas follows (ASTM 471-79) :
Change i \ x 100
Where M, =
M, =
Table D-1 The Percentage of W ' € of Vulcanized STRSL/PMMA Blends
L)
, J Weight change at ratio of 50/50
%Grafted natural rubber 10 15 20
content, (phr) -
1 ﬂ L 14.12 | 18.35 | 19.08
) U 1339 | 18.07 | 21.25

_|5.18 18.16 | 18.32

1423 | 18.19 | 19.55
0.90 0.14 | 1.50




APPENDIX E

Mechanical Properties of Grafted Natural Rubber/PMMA Blends

Table E-1 Tensile Strength of Grafte b atural ber/PMMA Blends
Sz
. ‘ —

70/30 | 60/40 | 50/50
Tensile strength, (MPa) 400 | 530 | 7.90

410 | 5.30 8.20

420 | 5.40 8.10
Mean 410 | 5.30 8.10
S, 0.10 | 0.06 0.15

Table E-2 Elongation %reak of Gra atural R ubbe@MMA Blends
¢ a LY
AR AR AENEAE
q -g-St/ M blen iﬂ{-g- MA 60 /PMMA blends[19]

3 =

L ™
K fnp? / 0 533( gy_o}% 60/40 | 50/50
Elongation at %) Y84, 0| 100 0 12171063 | 251 | 213

778.8 | 186.0 | 10.7 6.9 4292 | 1073 | 213 18.7
766.8 | 102.0 | 17.6 9.1 379.8 | 103.2 | 18.6 21.3

Mean 776.5 | 1453 | 12.8 7.7 | 410.1 | 105.7 | 21.7 | 204
S.D. 8.8 42.1 42 1.3 26.5 22 3.3 i3
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Table E-3 Stress @ 100% Modulus of Grafted Natural Rubber/PMMA Blends

NR-g-SYGMA/PMMA blends | NR-g-MMA 60 /PMMA blends[19]
100/0 | 70/30 | 60/40 | 50/50 | 100/0 | 70/30 | 60/40 | 50/50
Stress@ 100% modulus, (MPa) 0.14 2.73 = = 1.80 4.00 = =
0.15 2.49 = = 1.80 4.00 - =
0.16 7 - - 1.60 4.20 = =
Mean 0.1500 2 / - | 170 | 410 | - -
=
S.D. 014 | ° 012 | 012 | - -
Table E-4 Tear Streng/ t Blends

$G W-g-MMA 60 /PMMA blends[19]

100/0 | 70/30 | 60/40 | 50/50

1430 | 16.00 | 16.80 | 25.50
14.60 | 15.80 | 16.20 | 25.00
14.60 | 14.80 | 15.80 | 24.40

of 7o
Tear strength (N/mm) {74 _;
J#’:}?Jf?
#LF = 8
L R
6.92 = 23.27
AR
==, e
Mean
S.D. -

|

.20 | 1550 | 16.30 | 25.00
8 0.64 0.50 0.55

Table E-5 Hardness of Grafted Natural Rubbe/PMMA Blends

AUEINENIWE"

na

NR-g-St/QMA/PMMA b@s NR—g-MW60/PMMA blends[19]
AN N IR TN BT I e
Hardness(ShoreA) 18.6 67.0 86.0 89.1 14.8 21.2 37.6 47.8

16.1 64.6 82.2 89.3
16.2 65.5 84.4 935
16.5 79.0 83.5 94.3
20.6 61.6 86.3 90.7

15.3 21.3 36.5 47.0
15.0 21.6 35.8 49.1
15.3 22,5 35.8 49.3
14.9 22.4 35.6 46.8

Mean 16.5 | 655 | 84.4 | 90.7
S.D. 23 7.1 1.7 25

15.0 21.6 35.8 47.8
02 0.6 0.8 12
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