REFERENCES

[ = Ao w Ao A [ = 9 Y a
1. aufnd dsmiug cunuiteomiggimunzanldmaunuld lumsndanou
a av 4 [ 4 1
HYIUAITAYDY NEN.” swﬂmwmmmﬂmsTmawmmqﬂszmﬂ"lm 23

WS oY 2543 (enas ¢ UNBLINT)

2. 250381 ¥93 lwena “M3ioang fgémmswaﬁ” tonaIUszneums

HAnevsuvangaimalitlatens @0 TAYIAN 2541 1111 8-21.

3. Tinker, A. J. and Joncs, Blenc of Natural [ ubber, London: Chapman &
Hall, 1998, Chaptes \) ‘

4. parmsInssmiunals€iufing: “lafnuaniismy  OES-003-102-01 AU
g A r ¢ ) W
IUANAADUR U IULLAS UVDI NAN. NUMNWUTD

2545 (tonens hilag

5. Ulracki, L. A. Pol amics and Rheology, New
York: Hanser , 1990, pp. 16 S5

_; l‘-',.f.“:l*'-" P 7 !"
6. Hepburn, C. “Rulzaer Comiﬁﬁg Ing

heory and Innovation part

7. 1950 WINZATIA Ezmu nqaﬂwwmﬂs: dniniuita

F351 2542 N1 59-68,

v
8. Barlow, F. ﬂ MM 1 M iﬁ alz ;s id Techniques, New
arcel Dekker, 1988:j 17-72. &
9. Mo’ﬁ ae\aefklli dl] m/-]\{gkw E.L’-lraigjmhold 1987,

p 20-279.

10. Brydson, J. A. Rubbery Materials and Their com ounds, London: Elsevier Applied

Science, 1988, Chapters 7 and 18.

11. Folkes, M. J. and Hope, P. S. Polymer Blends and Alloys, London: Blackie
Academic & Professional, 1993, pp. 46-122.



12,

13.

14.

1

W

16.

17. d

19

20.

21.

22.

23.

83

Coran, A.Y. Blends of Dissimilar Rubbers: Cure-rate Incompatibility, Rubber
Chemical Technology, 61 (2), 1988: 281-292.

WiWsI g manlidmsuen  auzinemaasuazing Tulad

UMINFUAIVAIUASUNS Insuvailanil 2528 w1 176-219.

Mernagh, L.R. Rubber Handbook: Design Engineering Series, Morgan-Grampian,

1969, pp. 30-32. |
3 \\
. Chapman, J.M. Basw El 1111am Clowes and Sons, 1963,

pp- 9-20.

(1988): 33-37. '
(Ens - i ?
Cesare, F.C. Ozone- remstantMI R lends, Rubber World, 201(3), 1989:
=

.-F,.-'_..d"_ .i'f"'

14-17. ‘* ;
Bengtsson, P., ceny D.H. Electrical Noise
Charactenstlcsjf Carbon Black-filled hloroprei-& Rubber, Journal Physical
9:1736-174
Ghoneim, . le:% ﬁi]ilfﬂilJMB§nds 1. Dielectric and

)" %

oV NPT N 0]

Zaharescu, T., Meltzer, V., and Vilcu, R., Thermal Properties of EPDM/NR
Blends, Polymer Degradation and Stability, 70, 2000: 341-345.

Brown, P.S., and Tinker, A.J. Effect of Modifying EPDM on the Crosslink
Distribution in NR/EPDM Blends., Journal of Natural Rubber Research, 11(4),
1996: 227-239.



24,

23,

26.

2%

28,

29,

30.

31.

22,

33,

34.

84

Nakason, C. Kaesaman, A., Wongkul, T., and Kiatkamjornwong, S. Rheological
and Curing Properties of Reactive Blending Products of Epoxidised Natural

Rubber and Cassava Starch, Plastics, Rubber and Composites, 30, 2001: 154-

161.
Tanaka, H. and Nishi, T., Real-time Pulsed NMR Measurement System for the

Study of Nonequllhbrlum Wolmers Journal Appl Physics, 60
(4), 1986: 1306- 1309

Blow, C.M. Rubber

1977, pp. 73-473.

Burton, L.C., Hwang K., anc ; =1 = NG rical and Electromechanical
Properties of Carb and Technology,
62 (1989): 838-849

Norman, R.H. Conducti ubbers. nd Plastics, Amsterdam: Elsevier, 1970, pp.

181-209.
L2 .
John, K.F. Effects of Carb ities on Conductive Coating, Cabot

#
E;"}““""“" . =

Corporation 'l:ﬁhmcal Report l

Asaletha, R., Kumaran, M.G., ani

yplastic Elastomers from

Blends of Polﬂyrene and al Rubber: l\/m'phology and Mechanical

o RUETEUETIG o o o
JA9naniamdng B

1979, pp.230-268.

Brandrup, J. and Immergut, E.H. Polymer Hand book, 2" ed., New York: A wiley-
interscience, 1975, pp. IV8-V6.
Performance Additives Sdn. Bhd. Information of Performance additives: Ultra-

blend, Behn Meyer Group, Sabung Jaya.



85

35. Ikehara, T. and Nishi, T. Primary and Secondary Crystallization Processes of Poly
(€-caprolactone)/Styrene Oligomer Blends Investigated by Pulsed NMR,
Polymer, 41 (2000): 7855-7864.

AU ININTNEINS
AR TN TN



AU ININTNEINS
ARIAN TN TN



AU INENTNEINS
ARINNTANNINGI1AY



88

Specification for ingredients

EPDM Nordel IP 4640

This amorphous ethylene propylene diene monomer (EPDM) has a

Specification value

40
V.
E 55
- Propylene, wt % 40

ARFINININYINT *

Spédific Gravity, kg m’

AR ATRHN TN YD

Product Form Bale




STR 5L (natural rubber)

89

Table A.2 The specification of natural rubber

Composition property

Specification value

Dirt (retained

Nitrogen, wt 7 _
L &/}

Initial Wallace

Po & range,

| PRI (P30/P06) x

. SR
Ultrablend 4000 (homogenizing agE‘|

It is a mixture of dark-aromatic

Ultrablend 4000 is “; SIMe:

y

Table A.3 The specification E{ Ultrablend 4008}

— AUEIINENTNEIAS

Comﬂosition property

on 45 aperture ”
Ash Content, wt % , /
Volatile Matte ,

i sl

andedaorldaght coloreca.comyn.

0.008

/) / 0.25

ANY

0.19
0.31
38
6-41
92

F
i

T i
~

It = o

oy

on resins. Due to its dark color,

iy
B A
L i

S.

- I
Y] ;

g

Specification value

ecific gravity, kg m
Ash content (%, max)

Softening point, K

Storage stability

AN F0U AT

106
Z
368-383

At least 1 year under normal conditions




Zinc Oxide

90

Effective as an activator of accelerators in the vulcanization process. Other

prominent rubber applications include foam control in lattices, reinforcement filler,

improved heat conductivity and ageing flexing in stocks.

Zinc Oxide (%y'Mi
Lead Oxide (§
Cadmium Oxig
Copper Oxide
Manganese (%,

2k < b
Metallic Metals (As/Zn)}{%, Mz

Heat Lossy(3

Water Soluble (

luble (%, Ma
iﬂlm (%, Ma3

Insoluble

Si e Reject (325 mesh) (%, Mak)’

- % fary gl ala

L] 2 5
St dNuTING
] ] Ll

Compos ition proper, \}\ w:: Specification value

99.5
0.01
0.005
0.0004
0.0002
None
0.02
0.15
0.01
0.05

ARIAINTUANINGA Y
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RUBATOR MBTS

Table A.5 The specification of MBTS

Composition property Specification value

Compositon

C.A.S number

Molecular weight —3 32

Characteristics

- Real content, % " | | "‘ | N 24%

- Appearance v J \ gray-white free-flowing

stic odor and slightly bitter

/| flavor-Al vided in pellets.

- Specific gravity, kg m’ :I’i %2

. Meltingpoint, K VTR 443

- Moisture, % - an 0.5

- Ash,% {Hiah 0.5

- 01, % 0.@) 2.9

a ’ Iyenzothiazyl Disulphide
NN / 120-78-5
=

Free MBT,% ¢ o 9/ Lessthan 1.0
e W &) AN BN TN EADS

Toxici v N onsidered hazardous in the normal conditions
RN IIAINYTAE

Storage stability Excellent at moderate temperatures

Solubility Soluble in warm benzene and chloroform




RUBATOR TMTD

Table A.6 The speciﬁcétion of TMTD

Composition property Specification value
Compositon \ V Tetramethylthiuram disulfide
C.A.S Number [N // 137-26-8

Molecular Weight = 240

Characteristics \

- Appearance ¥\ \‘}’ llowish powder
- Specific gravity kg m / /| 2

- Purity or assay (%,
- Melting point,

- Moisture, % At css than 0.5

- Ash,% Less than 0.5

- Oil, % p.2.5

- Fineness F_EFI

- Toxicity m {ot toxic under no@l conditions of use
- Stora ,stabilitf = Excellént at normal temperatures

- Solu u EJ ’J Vl ' mb§ nﬂ;l,neﬁne, ether, carbon
carbon tetrachloride, ethylene

AN ISR




HAF N330 (carbon black)

Table A.7 The specification of carbon black (N330)

Composition property Specification value
Iodine No., mg/g 82.5
TINT strength, %IRB#: 102.8

Ash content (%, M

Heat loss (%, M /i

Sieve residue #32 , Max)

0.21

Fine 5 min (%, M

Pellet hardness

Ultrasil VN3 granulate (sili

Table A.8 The specifigati
S — r

Composi :f prope \ peo@cation value
Specific surface arﬁ,n 155-195
. uaa%avawwwni

pH value, 5% in water 54-7 @/

@vﬂiﬂﬁﬁfﬁ/ﬁu UNINLARY
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Carbowax 3350 (Polyethylene glycol)

Table A.9 The specification of poly(ethylene glycol)

Composition property Specification value
Average molecular weight r 3000-3700
Density, kg m” 109
Average Hydroxyl 371030
Average of repeatm 15:1
pH 5% in aqueous / // A ‘\\ 4.5-7.5

Struktol EF 44

Processing addi and synthetic rubber. The

P

composition consists with the blend of “derivative (predominantly zinc soaps)

s

Table A.10 The speciics )

]

Composm‘mproperty oy Specification value

1
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1. Tensile strength of vulcanized rubber

Table B.1 Tensile strength of (70/30) NR/EPDM blends at Ultrablend 4000

concentrations of 0, 3, 5, and 7 phr

é 'g nﬂ! ' -.j (MPa)

Ol 2 Average | S.D.
NEH0 453 | 0.68

§D NEH3 11.60 | 1.47

= | nems 1471 | 0.51
NEH7 1120 | 0.37
NEHO0 289 | 028

< | NEH3 342 | 045

< | NEHS 372 | 026
NEH7 326 | 1.03
NEHO | -4 , 2326 | -35.19 | 10.73

$ | NEH3 | -7821 | -72.86 | -6536 | -68.54 | -65.41 | 7008 | 5.48

s flan i..r

o | NEHS ’37%5'; ﬂﬁj wg ‘]—ﬁﬁ 7473 | 1.61
NEH7 7425 |.-80.90 | -70.57 | -71 70 7105 | 842

AR RIS NN TENA Y
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Table B.2 Tensile strength of (70/30) NR/EPDM blends containing fillers (carbon

black and silica)
.é ,g Tensile strength (MPa)
;g —g Sample
©| & Average | S.D.
o NEC3 14.71 0.51
go NES30 10.95 | 0.71
- NEC3S30 1395 | 0.83
NEC3 3.72 0.26
gﬂ NES30 8.07 0.i2
NEC3S30 11.20 0.50
g| NEC3 7473 | 1.61
'g NES30 -26.03 4.17
s NEC3S30 -19.61 | 3.76

AU ININTNEINS

ARIAINTUANINGA Y
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Table B.3 Tensile strength of (70/30) NR/EPDM blends at carbon black

concentrations of 0, 3, 5, 7, 10, 20, and 30 phr

2| 8 Tensile strength (MPa)
@] 2
=
R =
-g g Sample
o i Average | S.D.
NECO0 12.72 1.24
NEC3 14.71 0.51
NECS 11.51 0.17
B
§° NEC7 11.97 1.95
)
NECI10 15.84 0.07
NEC20 13.84 0.33
NEC30 14.84 0.69
NECO 3.33 0.50
NEC3 372 0.26
NECS 4.23 0.34
o
& | NEC7 2.61 0.15
<
NECI10 4.12 0.38
NEC20 ) 5.08 0.10
NEC30 ﬂ % 706 | 051
NECO qll-68.71 -78.77 ‘69. 16 -78.32 -73.28 -73.64 4.82
= /f
v | "
Sed] || g P‘]?‘Si N NENE | o
) I\a-:CS -61.37 -59.62 -66.37 -64.84 -64.10 -63.26 2.72
=
_g NEC7 -72.93 -80.60 -81.41 -77.38 -76.74 -77.81 3.39
=
By NECI10 -72.39 -74.24 -74.71 -77.49 -70.94 -73.96 2.49
NEC20 -61.48 -64.48 -62.70 -63.85 -63.86 -63.27 1.19
NEC30 -58.06 -52.20 -54.62 -47.66 -49.31 -52.37 4.15




Table B.4 Tensile strength of filled and unfilled NR/EPDM blends

99

2| § Tensile strength (MPa)
S| 3
'-g g Sample
O 2 1 2 3 4 5 Average | S.D.
NS ’ 2889 | 0.19
NSE2S 19.40 118
N7E3S 13.95 0.83
F, | Neess 8.77 0.43
§ ES 16.61 0.15
NSE2 16.99 1.43
N7E3 14.71 0.51
N6E4 8.91 0.66
NS 2391 0.12
NSE2S 13.48 0.64
N7E3S 11.20 0.50
g | NeE4s 6.75 0.47
< ES 9.13 0.29
NSE2 5.59 1.67
N7E3 372 026
N6E4 412 0.58
ns M oaeel | -1727 |, <1724 | <1779 | -17.07 1722 | 042
¢ o Q/
WMIRNIUMRINIIRY | -
N7E3S | -2345 | -1331 | -2066 | -2048 | -20.14 | -19.61 3.76
g" N6E4S | -2166 | 2180 | -1568 | -2841 | -27.54 2302 | 517
:2 ES 4619 | -a408 | -a650 | -4226 | -4621 -45.05 1.83
NSE2 | -5769 | -6416 | -7635 | -5804 | -7839 | -66.93 9.90
N7E3 7377 | 1598 | -7585 | 7235 | <7570 | -74.73 1.61
N6E4 | -s319 | -3612 | -5586 | -s857 | -6240 | -5323 | 1015
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2. Tear strength of vulcanized rubber

Table B.5 Tear strength of (70/30) NR/EPDM blends at Ultrablend 4000

concentrations of 0, 3, 5, and 7 phr.

2 g ar strength (N/mm)
S| E
= 3
| E
© i 1 5 Average S.D.
NEHO 28.40 0.65
'§0 NEH3 26.93 3.24
<
5 | NEHS5 26.13 0.86
NEH7 29.17 238
NEH0 16.03 430
3 NEH3 19.26 1.77
1))
< | NEHS5 16.82 145
NEH7 18.60 526
TR L ..-'. . oqe
Table B.6 Tear Strengtl / d with silica at Ultrablend
. &8 - ')
4000 concentrations of 0
2 g ‘o Téaf strength (N/mm)
5 | Z e
=}
5| EF 9
= 1 2 € 3 4 5 verage | S.D.
PR | - P - o
TR TS TR NIV He [ oo
E |
g’ ‘\IES3O 30.9 31.99 30.29 29.38 29.97 30.5 0.89
=
NEC3S30 30.13 30.25 30.65 30.12 30.89 30.41 0.31
NEC3 16.32 14.68 16.2 18.34 18.55 16.82 1.45
o
:%’o NES30 33.22 33.45 32.09 29.43 29.19 31.48 1.83
NEC3S30 33.5 35.49 32.62 36.75 32.81 34.23 1.62
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Table B.7 Tear strength of (70/30) NR/EPDM blends at carbon black concentrations
of 0, 3, 5,7, 10, 20, and 30 phr

2 = Tear strength (N/mm)
e | B
'—g g | Sample
O 2 1 2 o ‘J I/ 5 Average | S.D.
"q,\l
NECO | 27.29 \"*1‘ 247 %458 | 2315 | 2511 | 144
-]
NEC3 | 252 IT""’ 2678 | 2524 | 2741 | 2613 | 0.86
NECS 31.03 | 1.39
B
§’ NEC7 29.84 | 1.31
=
NEC10 3036 | 0.23
NEC20 3234 | 0.21
NEC30 3566 | 1.07
NECO 1778 | 3.03
NEC3 6847 _ 1682 | 1.45
NECS | 1828+ 1822 | 1368 “g81 | 1852 | 023
. — _
(5] o
& | NECT 7 _m8.27 1826 | 0.31
NEC10 | 19.80 /| 19. 1954 | 19.57 | 1994 | 19.69 | 0.16
-
T vtk ladac B b
2497 | 2305 |£2516 | 28 6 | 3068 2.78

K ¢ m'mmazl
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Table B.8 Tear strength of filled and unfilled NR/EPDM blends

2| 8§ Tear strength (N/mm)
é :é: Sample
Ol 2 1 2 3 4 5 | Average | S.D.
NS | 111.42 5 112.69 | 113.29 | 1.20
NSE2S | 32.14 | 3557 | 36. ' * 3514 | 3504 | 151
N7E3S | 30.13 : 3041 | 031
Eo NGE4S | 27.4¢6 o 274126, 2752 | 0.83
5| ES | 43.6¢ 4338 | 4460, | ad. 4427 | 038
NSE2 6 | 2895, 2002 | 081
N7E3 26.13 | 0.86
NGE4 2143 | 142
NS 77.82 | 029
NSE2S 3737 | 076
N7E3S 3423 | 1.62
< | N6E4s 28.03 | 0.58
<| Es . ; 53 | s, 51.69 | 5225 | 046
NSE2 &1 3% | leﬂﬁ 2197 | 139
N7E3 [V 16. 6 162 | 18 18.55 | 16.82 | 145
., | e, a o/
ot ) fre) 1i60E)) B9 W | 857 [y b | 1
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Table C.1 Property range of the vulcanized compounded NR/EPDM

Formulation | Max. Torque, Min. Torque, | Scorch time, t, | Optimum cure

M,, (dNm) M, (dNm) (min) time, 4, (min)
NECO 48.34 9.97 4.97 7.97
NEC3 50.85 4.72 7.44
NEC5 54.51 4.94 Tl
NEC7 51.78 6.92
NEC10 59.6 7.08
NEC20 64 .9¢ 9.2
NEC30 4.86
NEHO 6.89
NEH3 7.78
NEHS5 7.44
NEH7 7.78
NEC3S30 5.36
NES30 4.33
N8E2 7.14
N7E3 7.44
N6E4 s 8.72
Na r] ‘j glj . ~ q ‘ r] §, El uld
<3N N TUENRTINDREY
N7E3S 61.03 16.28 2.50 5.36
N6E4S 57.52 14.70 2.72 6.06

ES 99.26 18.86 4.61 14
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Figure C.1 Rheograph of NR/E \; concentrations of 10, 20,

and 30 phr
sw ‘a :-'-'7..,.;..,. ——
840 ﬂua NE3 CO i !
Y, zuum'mmm’l

Figure C.2 Rheograph of NR/EPDM blends at carbon black concentrations of 0, 3, 5,
and 7 phr
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JEbs. < 2
100 —
80
N Y
g v 1/ 0f) prea et -
H | ¥ ‘ G 1 ‘ ‘ [
1 oq NEC3S30 NEC3
/] A Y
ARANFUURIINYIAEY
|
TIME (min)

i8

106

genizing agent concentrations of

Figure C.4 Rheograph of NR/EPDM blends containing carbon black and silica fillers
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)

///ﬁ k\\ :
PD * NR/EPDM (80/20 %0/30 and

Figure C.5 Rheograph of NE
60/40 )
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=2

Figure C.6 Rheograph of NR/EPDM blends filled with silica at ratios of NR/EPDM
(100/0, 80/20, 70/30, 60/40 and 0/100 ).
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Table D.1 Dependence of volume resistivity and surface resistivity of NR/EPDM

blends on carbon black concentration

Carbon black | Sample Volume resistivity Surface resistivity
(phr) No. (ohm cm) (ohm cm)
Unaged Aged Unaged Aged
1 6.66x10" 3.47x10"
v, 7.84x10" 3.46x10'°
0 3 8.77x10" 7.32x10"
4 7.51x10" 2.73x10"
5 6.87x10" 3.06x10"
5.90x10" 4.83x10"
9.95x10" 8.76x10"
3 | 5.14x10" 4.08x10"”
6.19x10" 3.19x10"
6.99x10" 1.99x10"
1.28x10" 5.62x10"
2 1.39x10" 1.26x10"
5 3 2.5x10" 4.68x10"
2.05x10" 1.91x10"
= ? 5.51x10"
ﬂ : 7.16x10' 6.93x10"
7 2 3.20x10" 3.2x10" 2.47x10" 7.72x10"
—ﬁ Y 33x10) o f .'-l.,'* iy 80" 5.68x10”
ﬂ'bL 7 3Bikib? 3.70x10' ! labsdo* 3.43x10"°
T 2 2.79x105 2.63x102, 8.77x10"gs | 1.70x10"
EI j&‘ IMWW 51102x 721107
q 1 a © 1.02x10' 1.49x10’ 3.72x10"
20 2 1.49x10" 4.6x10"° 9.24x10" 6.28x10"
3 2.19x10" 9.86x10" 5.86x10" 1.11x10"
1 _a _a _a _a
30 2 _a K _a _a
3 _a _a _a _a

"~ The resistivities were higher than the measurable limit of the equipment.
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Table D.2 Dependence of volume resistivity and surface resistivity of NR/EPDM

blends on homogenizing agent concentration

Homogenizing agent | Sample No. | Volume resistivity | Surface resistivity

(phr) (ohm c¢m) (ohm cm)
y/%xlo“ 8.484x10"
| ﬁo" 5.099x10"
0 AN 9.480x10"*

\\ 7.055% 3.644x10"*

f > 1.069x10"

) 3.238x10"

6. 5.755x10"

3 ‘4 3 1.487x10"
0" 1.487x10"

6x10" 1.485x10"

(] 5.90x10"

A S E 9.95x10"

5 m 2.18x10' m 5.14x10"
ﬂ U E#’J e 113 WEI’] np oo
2.61x10' 6 99x10"

Q WIANAIEU SLI‘M“W”’JIV] ) f o
6.272x10' 1.488x10"

7 3 6.331x10" 1.489x10"
4 6.325x10" 1.490x10"

5 6.328x10" 1.489x10"
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