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APPENDIX A

1. De

(or grafting efficiency) [36,37]
The graft copolymer are characterized by extraction with solvents. The

product contains three components in quantities a, b, and c.

‘ , f}-nmed by Soxhlet extraction for 24 h

b is the weght or"' copol

a is the weight of ree
with 60-80 € petroleum &
from the residual weight after
extraction of free hou

c is the weig / A et ved afte extraction of free rubber by
Soxhlet extraction wi . }

These quantiti bression which is the measure of

the grafting efficiency
x 100

2. Determination th&-econversion-of-orai
W,

The graft reons Al
to the following parameter:

Tomﬂpumnﬂ RINEAR Tt = 10

¢ Welﬁ of monomer charged.”

ARIANNIUNAINETRE

sam&s are characterized according




113

APPENDIX B

‘1. Cure characteristics of rubber compounds

60 60 I
(90
a0tk
M
dr;l"-m ™M
Lb-n L
2 g2
M - ]
A 1
0 10 20
TIME - MIN TIME - MIN
; Cure to No Equilibrium
Cure to Equilibrium ) or Maximum Torque

The following e ied by ASTM D-2084, may be taken
from a Monsanto rheograp g = ' “,:j-_ [
2.1 MinifiGn—TForaue—M-——tdN-m—or-—tbim] ) - A measure of the flow

characteristic/viscosﬁ of U
- A measure,of shear modulus or stiffness of the fully

meﬂdummmwmm

SRS R

My = highest torque attained during specified period of time when no

plateau or maximum torque is obtained, (dN.m or Ibf.in).
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2.3 Scorch time:

ts, = minutes to 1 (dN.m or Ibf.in) rise above M, usually used with 1° arc.

ts, = minutes to 2 (dN.m or Ibf.in) rise above M, usually used with 3"and
5 arc.

2.4 Cure time: (Time to a percentage of full Cure - An inverse measure of

cure rate, based on time to develo 2 percentage of the higest torque.

t. = minutes to x = minutes to XM,/100.

t . = minutes tG "= minutes to M,;+ x(My-M, )/100
torque. |

25CRIL C ; AT ‘a «. x f cure rate based on the linear slope

the rising curve, C

L
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APPENDIX C

1. Pnysical Properties of GNR/PVC Vulcanizates

Table C1 The summary of 300% Modulus (MPa) of GNR/PVC blends.

115

GNR/PVC oe
ratio : 3,;* R :i___-:‘ NR-40 GNR-60
1) PVC-P00 ,
-100:00 81) 10.72) 18.87 (9.83)
-90:10 \\& 1131) | 1342 0.12)
-80:20 \ i
-60:40 \ =
-40:60 -
-00:100 -
2)PVCP20 |
-100:00 231053 8)—316:00(10.73) | 18.87 (9.83)
-90:10 193 201y 436 (6.40) | 18.98(17.27)
-80:20 ;q: ©77) | 99496 | 20731161 | 2088 7.23)
e G ey
HINPATNEIND '
] ot ‘ : )
TRTLE (TGP T
-100:00 211(093) | 443(1.18) | 16.00(10.73) | 1887 (9.83)
-90:10 211077 | 663(327) | 1724 808) | 20.00 9.81)
-80:20 2690 (278) | 7.62(195) | 2098 (7.08) | 20.00 (5.00)
-60:40 - 13.60 (4.61) ; g
-40:60 3.32 (0.81) p " »
-00:100 2311 (501) | 23.11(501) | 23.11(501) | 23.11 (5.01)
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Table C2 The summary of Tensile Strength (MPa) of GNR/PVC blends.

GNR/PVC Grafted NR  type
ratio NR GNR-20 GNR-40 GNR-60
1) PVC-P00
-100:00 24.86 (0.13) | ! 0.34) 31.37 (1.29) 27.68 (0.71)
-90:10 10.95 (0.66 \u\ y 16.14 (0.59) 14.01 (0.69)
-80:20 681 (037 2’15 0:23 | 11.68 0.73) 16.82 (0.56)
-60:40 5.59 (0:2 s‘ 19.80 (0.23 15.75 (0.54)
-40:60 \ 1923 (0.51) 14.66 (0.63)
-00:100 LN .
2) PVC-P20 o
-100:00 '51 : \ ;37 (1.29) 27.68 (0.71)
-90:10 20. "*. 22.51 (1.21) 21.80 (0.07)
-80:20 22.60 (0.40) 22.00 (0.34)
-60:40 11.41 (0. 8.8;)P *}T 17.37 (0.26) 19.15 (1.05)
-40:60 ' 20.54 (0.32)
-00:100 34 (0.37) 31.34 (2.37)
3) PVC-P40
-100:00 (0.13) 27.68 £0:34) 31.37 (1.29) 27.68 (0.71)
o0 ﬂ‘mssn 0% | 3Rt | s 0m
-80:20 1742 (146) 2074 (058) | 2217 (0.90), , | 21.36 (0.49)

PRIRINYY

-00:100

4.72 (0.02) 13.51:(0:37)

23.32 (5.24) 23.32 (5.24)

| B30 /i 0 ¢

15.73 (0.35)
23.32 (5.24)

J 16.95 (0.28)

*17.69 (0.28)
23.32 (0.52)




Table C8 The summary of Elongation at break (%) of GNR/PVC blends.

GNR/PVC Grafted NR  type
ratio NR GNR-20 GNP-40 GNR-60
1) PVC-P00
-100:00 780 (28.58). 17.68) | 530 (22.08) | 329 (14.35)
-90:10 448 (33.00) | 322 (9.36)
-80:20 225 (13.83) 178 (8.81)
-60:40 101 (2.17) 74 (9.90)
-40:60 28 (2.24) 31 (2.24)
-00:100 3 .
2) PVC-P20 _
-100:00 530 (22.08) | 329 (14.35)
-90:10 453 (30.52) | 311 (6.85)
-80:20 322 (1391) | 323 (14.23)
177 (11.09) 182 (8.04)
0 (8.44) 109 (2.16)
172 (7.46) 172 (7.46)
: 4780, (28.58) 680 (17.68) | 530 (22.08) | 329 (14.35)
oy 1] {heglhh | {66 | G | soscrao
-80:20 797 278) ¢ | 563 (2656) | 313 (7.05), | 324 (10.74)
1989 5 {W0] #0597 808 2| =0
-40:60 352 (0.61) 227 (1293) | 168 (3.70) 210 (1.25)
-00:100 309 (11.36) 309 (11.36) | 309 (11.36) | 309 (11.36)




Table C4 The summary of Tear Strength (N/mm) of GNR/PVC blends.

GNR/PVC Grafted NR  type
ratio NR GNR-20 GNR-40 GNR-60

1) PVC-P00
-100:00 33.51 (1.20) 3.14) 60.37 (229) | 77.71 (0.70)
-90:10 28.84 071 h 44.29 (0.59) 52.11 (4.15)
-80:20 25.2640.79) 38.86 (1.53) | 56.09 (6.97)
-60:40 1.42.60 3.44) | 47.44 (0.45)
-40:60 3823 (324) | 47.73 (0.88)
-00:100 - =

2) PVC-P20
-100:00 6037 (229) | 77.71 (0.70)
-90:10 4415 2.56) | 62.70 (5.02)
-80:20 4812 247) | 5970 (1.47)
-60:40 3213 2.06) | 36.56 (1.63)
-40:60 27:57 (0.92) 62.13 (3.25)
-00:100 ! 174.84(1.95)

3) PVC-P40
-100:00 33.51 (1. 4143 (3.14) 60.37 (229) | 77.71 (0.70)
-90:10 ﬂ ﬁx’(adm 15253% S 1@@57) 63.20 (5.30)
-80:20 3277079 |, 38.12 A27)_ | 458673 | 4905 (644)
TRRETEIO] AT NHARE <o

3332(029) | 32.44 (1.71) 3842 (1.81) | 51.25(531)

-00:100 94.12 (295) | 94.12 (2.95) 9412 (295) | 94.12 (2.95)




Table C5 The summary of Hardness (IRHD) of GNR/PVC blends.

GNR/PVC Grafted NR  type
ratio NR GNR-20 GNR-40 GNR-60

1) PVC-P00
-100:00 27.00 (0.08) 0.(022) | 7217039 | 95.83 (0.21)
-90:10 39.92 (o 6226 (1.18) | 95.14 (0.14)
-80:20 6588 (0.12) | 96.02 (0.23)
-60:40 8292 (0.86) | 97.58 (0.38)
-40:60 98.04 (023) | ' 99.54 (0.05)
-00:100 - -

2) PVC-P20 '
-100:00 [147217 039) | 95.83 021
-90:10 1 6028 037) | 92.60 023)
-80:20 ) 41¥ 6530 (0.55) | 94.68 (0.66)
-60:40 65.20 (0. 55;:": 7528 (0.56) | 95.42 10.40)
-40:60 A 95;0 ©24) | 99.52 (0.07)
-00:100 1. ;

3) PVC-P40 ﬂ
-100:00 27.00 0.08) | 31.60022) | 7217(039) | 95.83 (021)
s |0 1 K| T | o
8020 U | 41.96 (0.61) | 4928017 | 6328023 | 9470 028)

bl

-00:100

PP B

68.25 (1.25)

74.58 (0.42)

87.26 (4.09)

Wﬁl’qﬂ E' 93.60 (0.55)

97.30 (0.57)




2. Abrasion resistance of PVC/GNR vulcanizates

Table C6 The summary of Abrasion resistance, Taber abraser type

(Volume loss, cm3/ 2000 cycles) of GNR/PVC blends.
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GNR/PVC A }" ted NR type
ratio | o GNR-40 GNR-60

1) PVC-P00 = |
-100:00 0.0139(0.001) | 0.1049(0.029)
-90:10 10.0048( - ) 0.1617(0.003)
-80:20 1(0.000) | 0.2105(0.017)
-60:40 10.2435(0.000) | 0.2722(0.035)
-40:60 0276200016) | 0.2766(0.019)
-00:100 = 3

2) PVC-P20
-100:00 0.0139(0.001) | 0.1049(0.029)
-90:10 00£9(0.003) | 0.2895(0.003)
-80:20 0.02620.004) | 0.2368(0.009)
-60:40 2658(0.003) 100.042) | 0.4338(0.029)
-40:60 0. 7656(:370) 0.5136 0.4252(0.034) | 0.5370(0.068)
wf] U NYNINY TS |

3) PVC-P40 aJI o o/
Q»o‘lm oo’ odid@ooh J [Bbizsobd] Flo.100029)

0.0152(0.001) | 0.24050.017)

-80:20 0.6641(0.404) | 0.0556(0.013) | 0.1278(0.031) | 0.3755(0.019)
-60:40 0.9325(0.046) | 0.6117(0.010) | 0.3827(0.006) | 0.5541(0.002)
-40:60 0.7648(0.025) | 0.7546(0.093) | 0.48290.037) | 0.5523(0.005)

-00:100
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3. Solvent resistance of NR and GNR/PVC vulcanizates

Table C7 The summary of % Solvent Swelling of modified NR

vulcanizates.

Rubber compounds, ' '/ Change in mass, %

s of GNR/PVC-P40 blends

GNR/PVC-P40 blend Jm hange in  mass, %

( 40/60 )

FR— 1 8233072
: [ i 71.34 (2.02)

113.44 (0.51 64.10 (0.26
U( ) (0.26)

ﬂ m P | 90125 @i | f‘ ?.99 (0.24)
qu Wﬂ%@’%ﬁﬂ VC blends

(60/40 ratio)

GNR-40/PVC blends Change in mass, %
PVC-P00 157.14 (0.25)
PVC-P20 123.83 (3.38)
PVC-P40 113.44 (0.51)
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Table C10 The summary of % Solvent Swelling of GNR40/PVC-P40

blends.
GNR40/PVC-P40 ratio Change in mass, %
100 : 00 212.70 (3.62)
9 :10 4 b s 206.80 (5.43)

174.87 (0.99)
" 113.44 (0.51)

; ]
..i il
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