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Thesis Title The Mechanical Properties and Nylon Cord Adhesion of Natural

Rubber/Epoxidized Natural Rubber Blends

Name — Surname Mr. Kitikorn Samosorn
Program Materials Engineering
Thesis Advisor Assistant Professor Chuntip Sakulkhaemaruethai, Ph.D.
Academic Year 2017
ABSTRACT

The objective of this research was to investigate the effects of fillers and epoxidized
natural rubber grades on natural rubber (NR) and epoxidized natural rubber blend at the ratio of
90:10.

Two grades of epoxidized natural rubber, ENR25 and ENR50, were used, and 3 fillers,
namely silica, carbon black and calcium carbonate, were added at the loading level of 10 phr.
Mooney viscosity, cure characteristics, mechanical properties, nylon cord adhesion and gas barrier
properties of the rubber blends were studied. The fillers were mixed with the rubber blends by the
kneader mixer. After that, the Mooney viscosity and cure characteristics of the rubber compounds
were determined. The rubber compounds were then vulcanized at 150°C by the compression
molding machine. The mechanical properties, nylon cord adhesion and gas barrier properties of the
vulcanized rubber were investigated.

Results showed that the rubber compounds filled with silica had the highest level of
Mooney viscosity, and their scorch time and cure time were also increased. Carbon black could
improve mechanical properties of natural rubber and rubber blends the most, followed by silica and
calcium carbonate. NR/ENRS50 blends had higher mechanical properties than NR/ENR25 blends
and NR. Silica yielded the best nylon cord adhesion. NR/ENRS50 blends had higher nylon cord
adhesion than NR/ENR25 blends and NR. Finally, carbon black yielded greater gas barrier
properties than silica and calcium carbonate. NR/ENRS50 blends had better gas barrier properties
than NR/ENR25 blends and NR.

Keywords: natural rubber, epoxidized natural rubber, rubber blends, nylon cord adhesion
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Mmesnedanyaltazmee

NR 81955IUH1A (Natural rubber)

ENR #1955 5UIRDNEN 1956 (Epoxidized natural rubber)

ENR25 gnsssumasnen ladinsuaulua 25% Ranssiendiadu
ENR50 gnsssumnasnen ladinsaulua 50% Ranssiendiadu
SBR 8198 13 uDIA 1AdY (Styrene-butadiene rubber)

BR 190201 1adU (Butadiene Rubber)

IIR 1952114 (Buty! Rubber)

EPDM gruonauInsian'ladu (Ethylene-Propylene Dienerubber)
NBR o9 lulngd (Nirtile butadiene rubber)

NBRr 819 11543 landa (Nirtile butadiene rubber Recycle)

CR 819Aa0 1SN U (Chloroprene rubber)

CIIR 19na0 1512 1nd (Chloro-Butyl Rubber)

Phr WildIURBE1 100 @31 (Parts per hundred of rubber)

ZnO Faroon lua (Zinc Oxide)

CaCO, UAITENAS VDI Calcium Carbonate

SMR L EJ'N‘ﬁ353J6]5'lall'lﬁiﬁ'lu3ﬂml%ﬂlﬂiﬂ (Standard Malaysian Rubber N30 L
ESBS Styrene-(Eoxidized butadiene)-Styrene Triblock Copolymer
MBT 2-mercaptobenzothiazole

MBTS Dibenzothiazyl disulfide

CBS N-cyclohexyl-2-benzothiazole sulfonamide

TBBS N-tert.butyl-2-benzothiazole sulfonamide

DCBS N,N’-dicyclohexyl-2-benzothiazole sulfonamide

MBS 2-(4-morpholinothio) benzothiazole

ZDMC Zinc dimethyldithiocarbamate

ZDEC Zinc diethyldithiocarbamate

ZBEC Zinc dibenzyldithiocarbamate

TMTD Tetramethylthiuram disulfide

(12)


http://haamor.com/th/%E0%B9%81%E0%B8%84%E0%B8%A5%E0%B9%80%E0%B8%8B%E0%B8%B5%E0%B8%A2%E0%B8%A1%E0%B8%84%E0%B8%B2%E0%B8%A3%E0%B9%8C%E0%B8%9A%E0%B8%AD%E0%B9%80%E0%B8%99%E0%B8%95/

) a [V [V d o
MeBLnadanyaazA Lo (A0)

TMTM Tetramethylthiuram monosulfide

TBzTD Tetrabenzylthiuram disulfide

DPG Diphenylguanidine

DOTG Di-o-tolylguanidine

OTBG O-tolylbiguanide

CTP Cyclohexyl-N-thiophthalimide

DEG Diethylene glyco

PEG Polyethylene glycol

Si-69 Bis-(3-triethoxysilylpropyl)-tetrasulfide

A-189 Mercaptopropyl-trimethoxysilane

Si-264 3-thiocyanato-propyl-triethoxysilane

Semi-EV Se-mi efficient vulcanization system

Nylon 6 Tuasu (Poly (hexano-6-lactamO)

ML AnLsela 15 199 (Minimum torque)

MH A5AGIgA (Maximum torque)

T, 03202172 1N158N93% (Scorch Time)

T oo FEAARIS ﬂumimgﬂﬁmmz #3 (optimum curing time)

Psi Youdnons N‘ﬁ”J (Pound-force per square inch)

BET Brunauer-Emmett-Teller

DMA Dynamic Mechanical Analysis

AFM Atomic Force Microscope

SEM 9aN39 ﬁﬁ%m ANTBULUVADINTIA (Scanning electron microscope)

TEM NADIYANTIAMNIBIANATOUMUUADIHIU (Transmission electron
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DSC Differential Scanning Calorimetry

DMTA Dynamic Mechanical Thermal Analysis
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qmmmﬁ’wum (Glass transition temperature
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and Materials)

WATFIUNMINAADVVOIUT2MAU (Japaness Industrial Standards)
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&4 wa =
2.11 139INATdVANVANIIAG (Universal testing machine) [14]
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gﬂﬁ 2.12 1504 Universal testing machine [19]
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2.12 MINATDUANNUTINITIVDINSTAAALIINUIAY 114ABY (Adhesion of tire cords)
[20]
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ia
2.14 NADIPANIFAUDIANATOUBLUADINSIA (Scanning Electron Microscopy :

SEM) [21]
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51 2.16 ndos9anITAMIBIANATOUUULFDINTIA (Scanning Electron Microscopy : SEM) [22]
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fdui FuneumsHay Time(sec.) | Temperature(°C)
1 flans o - -
2 YA aNYA 60 < 90°
3 gNLLT 3 < 90°
4 Tdnd 10 < 90°
5 NALLTI 3 < 90°
6 VAN 120 < 90°
7 gL 3 < 90°
8 MANUALDIA 10 < 90°
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15199 3 wansnagou Specific gravity UD3819 NR, BNNEAUTZHINN NR/ENR2S Lag

NR/ENRS50 198351634 90:10 NANT1TAUANFHAA19

Specific gravity
AN CRRGRITGEY 1 2 3 4 5 Aunay | S.D.
NR 0.954 | 0.967 | 0.974 | 0.964 | 0.975 | 0.967 | 0.009
Neat ENR25 0.947 | 0.964 | 0.981 | 0.957 | 0.914 | 0.953 | 0.025
ENR50 | 0.964 | 0.954 | 0.924 | 0.935 | 0.948 | 0.945 | 0.016
Silica 1.021 | 1.034 | 1.035 | 1.035 | 1.048 | 1.035 | 0.010
NR N330 1.025 | 1.036 | 1.051 | 1.064 | 1.084 | 1.052 | 0.023
CaCo, 1.094 | 1.025 | 1.103 | 1.094 | 1.085 | 1.080 | 0.032
Silica 1.034 | 1.038 | 1.051 | 1.028 | 1.041 | 1.038 | 0.009
NR/ENR25 N330 1.052 | 1.042 | 1.037 | 1.054 | 1.035 | 1.044 | 0.009
CaCoO, 1.098 | 1.102 | 1.103 | 1.094 | 1.086 | 1.097 | 0.007
Silica 1.035 | 1.052 | 1.028 | 1.054 | 1.084 | 1.051 | 0.022
NR/ENR50 N330 1.059 | 1.045 | 1.039 | 1.065 | 1.034 | 1.048 | 0.013
CaCo; 1.101 | 1.106 | 1.057 | 1.085 | 1.092 | 1.088 | 0.019
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M151971 4 HAN1INATOU Mooney viscosity (MLI+4 @ 100 °C) U99819 NR, 8 1HANTEHIN

NR/ENR25 a2 NR/ENR50 N19a51831 90:10 NANA15AUANFUAA1E)

Mooney viscosity (ML1+4 @ 100 °C)

¥HALNG TN ANAN 1 2 3 4 5 Aundy | S.D.
NR 36.54 | 3594 | 34.68 | 35.12 | 30.25 34.51 2.49
Neat ENR25 33.52 | 36.58 | 37.25 | 36.54 | 36.58 | 36.09 | 1.47

ENR50 32.58 | 35.94 | 36.41 | 36.25 | 36.15 35.47 1.62

Silica 58.62 | 57.62 | 55.68 | 56.84 | 53.15 | 56.38 | 2.10

NR N330 49.52 | 47.05 | 45.95 | 46.85 | 47.62 | 47.40 | 1.33
CaCo, 415 | 43.65 | 4458 | 4725 | 4325 | 44.05 | 2.11

Silica 51.67 | 50.62 | 50.84 | 54.69 | 49.65 | 5149 | 1.93

NR/ENR25 N330 47.58 | 48.65 | 48.52 | 48.35 | 48.97 | 4841 | 052

CaCo, 48.52 | 4325 | 4125 | 48.25 | 46.52 | 4556 | 3.19

Silica 50.25 | 52.15 | 51.56 | 53.65 | 51.62 | S1.85 | 123

NR/ENRS0 N330 46.15 | 48.65 | 48.67 | 45.68 | 50.25 | 47.88 | 191

CaCoO, 4521 | 44.65 | 47.25 | 43.84 | 42.65 | 4472 | 171
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M519N 5 WamInagou ML (Ibf.in) mﬂfﬂﬁ‘l/lﬂﬁ@ﬂwqaﬂﬁiuﬂﬁﬂﬁgﬂﬂl@\‘]EJN NR, gNHTY

5%11779 NR/ENR25 tiag NR/ENRS0 Noa51831 90:10 NANEI5AUANSHAN1GE

ML (Ibf.in)
A9 GARIGRIGEY 1 2 3 4 5 | funds | S.D.
NR 0.95 | 0.75 | 0.86 | 0.56 | 0.89 | 0.80 0.15
Neat ENR25 0.96 | 0.84 | 0.86 | 0.79 | 0.96 | 0.88 0.08
ENR50 0.94 | 1.05 | 0.84 | 0.98 | 093 | 0.95 0.08
Silica 199 | 2.12 | 2.08 | 1.87 | 1.86 | 1.98 0.12
NR N330 215 | 229 | 2.45 | 232 | 2.01 | 224 0.17
CaCo, 1.74 | 1.88 | 1.69 | 1.75 | 1.96 | 1.80 0.11
Silica 2.08 | 2.13 | 2.05 | 1.99 | 1.97 | 2.04 0.07
NR/ENR25 N330 226 | 232 | 236 | 208 | 2.15 | 2.23 0.12
CaCo;, 1.75 | 1.86 | 2.06 | 197 | 1.58 | 1.84 0.19
Silica 212 | 2.06 | 2.05 | 2.16 | 2.03 | 2.08 0.05
NR/ENR50 N330 229 | 226 | 234 | 2.19 | 225 | 2.27 0.06
CaCo, 1.89 | 1.81 | 1.93 | 1.83 | 2.06 | 1.90 0.10
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M3N 6 Wamsnadou MH (Ibf.in) mﬂﬂﬁﬂﬂﬁﬂﬂwqaﬂﬁﬁuﬂﬁﬂﬁgﬂSUENEJN NR, g 1WHTU

521719 NR/ENR25 1182 NR/ENRS0 18051621 90:10 NANA15AVANTHAA 1

MH (Ibf.in)
AL MIAAAN 1 2 3 4 s | Aunds | s..
NR 1125 | 11.95 | 1259 | 10.36 | 10.85 | 11.40 | 0.88
Neat ENR25 10.69 | 1147 | 11.94 | 11.63 | 12.58 | 11.66 0.69
ENR50 11.69 | 12.84 | 1236 | 11.58 | 10.69 | 11.83 0.82
Silica 11.69 | 11.85 | 12.94 | 12.63 | 11.28 | 12.08 0.69
NR N330 13.64 | 12.85 | 13.74 | 13.96 | 11.53 | 13.14 | 0.99
CaCo, 1206 | 11.36 | 11.85 | 11.34 | 11.96 | 11.71 0.34
Silica 1136 | 13.18 | 1274 | 12.62 | 1134 | 1225 0.85
NR/ENR25 N330 13.64 | 12.64 | 1426 | 134 | 1354 | 13.50 0.58
CaCo, 12.05 | 11.94 | 13.84 | 11.36 | 10.55 | 1195 | 121
Silica 1135 | 1125 | 12.66 | 12.87 | 13.73 | 1237 1.06
NR/ENRS50 N330 14.632 | 1436 | 1423 | 12.53 | 14.66 | 14.08 0.39
CaCo, 1236 | 12.12 | 12.654 | 12.64 | 11.05 | 12.16 | 0.66
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M319N 7 wamsnadeunarlumsGunegyl (t,) INMINAABUNGANTITUN1TAIILUBIEN NR,

[ 1

g1aNEANTZHI1 NR/ENR25 1182 NR/ENR50 N9A3183U 90:10 MANTITAUANBHA

A4
t, (Min)

AL I AAN 1 2 3 4 s | dunde | S.D.
NR 545 | 524 | 552 | 547 | 5.44 | 542 0.11
Neat ENR25 512 | 501 | 451 | 541 | 5.15 | 5.04 0.33
ENR50 443 | 451 | 421 | 431 | 448 | 439 0.13
Silica 8.35 | 8.51 | 857 | 849 | 831 | 8.45 0.11
NR N330 436 | 412 | 421 | 429 | 404 | 420 0.13
CaCo, 555 | 6.13 | 6.02 | 625 | 552 | 5.89 0.34
Silica 838 | 831 | 844 | 825 | 8.19 | 83l 0.10
NR/ENR25 N330 347 | 312 | 352 | 3.54 | 3.48 | 343 0.17
CaCo, 457 | 455 | 451 | 441 | 458 | 452 | 007
Silica 8.13 | 841 | 831 | 826 | 8.11 | 824 0.13
NR/ENRS50 N330 332 | 321 | 325|328 | 334 | 3.28 0.05
CaCo, 431 | 437 | 425 | 422 | 434 | 430 | 0.06
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MmN 8 wananaaeunallumsisunagl (T,,) 1NMsnadeungansTuNITAIFleea

NR, 819WENTLHI1 NR/ENR25 (182 NR/ENRSO N0A518731 90:10 MANA1TAUAY

PUAN)
T, (Min)

AL TIN VAN 1 2 3 4 5 | sunds | S.D.
NR 845 | 832 | 851 | 845 | 837 | 842 0.07
Neat ENR25 751 | 742 | 736 | 729 | 754 | 7.42 0.10
ENR50 731 | 746 | 733 | 728 | 746 | 7137 0.09
Silica 1246 | 1241 | 1237 | 1229 | 1246 | 1240 | 0.07
NR N330 733 | 721 | 742 | 737 | 726 | 71.32 0.08
CaCo, 852 | 849 | 859 | 846 | 855 | 852 0.05
Silica 1232 | 12.47 | 12.14 | 1243 | 1233 | 1234 | 0.13
NR/ENR25 N330 6.46 | 631 | 651 | 642 | 6.48 6.44 0.08
CaCo, 759 | 752 | 805 | 749 | 756 | 764 | 023
Silica 1234 | 1228 | 12.15 | 1233 | 12.24 | 1227 | 0.08
NR/ENR50 N330 AR\ 2 R | AT oN 8 6.20 0.09
CaCo; 753 | 741 | 715 | 752 | 743 | T4 0.15
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v I 1
AN 9 HANTNATOUAIIULU (Shore A) U83819 NR, #19WTNIE1IN NR/ENR25 1ay

NR/ENRS50 199351634 90:10 NANT1TAUANFHAA19

Hardness (Shore A)
FHAU AN AAN 1]2]3]4]s]| Aude S.D.
NR 39 | 40 | 39 | 39 | 39 39 0.45
Neat ENR25 39 1 38 139 (39|40 39 0.71
ENRS50 40 | 40 | 40 | 39 | 40 40 0.45
Silica 46 | 46 | 45 | 45 | 46 46 0.55
NR N330 46 | 46 | 46 | 47 | 45 46 0.71
CaCoO, 41 | 42 | 42 | 41 | 42 42 0.55
Silica 45 | 45 | 45 | 44 | 45 45 0.45
NR/ENR25 N330 46 | 45 | 46 | 46 | 47 46 0.71
CaCo, 42 | 43 [ 43| 43 | 42 43 0.55
Silica 45 | 45 | 45 | 46 | 46 45 0.55
NR/ENRS0 N330 46 | 46 | 46 | 47 | 46 46 0.45
CaCo, 43 (43 | 43 | 42| 43 43 0.45
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A15191 10 HANITNATOUAIINNUABLTIAY (Tensile strength (MPa)) V09819 NR, 819W a1

(%

5%11279 NR/ENR25 tiag NR/ENRS0 Noa51831 90:10 NANEI5AMANSHAN 1)

Tensile strength (MPa)

e 150 AAN 1 2 3 4 5 Aunay | S.D.
NR 2245 | 2295 | 22.69 | 22.04 | 22.35 22.50 0.34
Neat ENR25 25.47 | 25.12 | 25.69 | 25.15 | 25.68 25.42 0.28

ENR50 25.61 | 24.15 | 23.45 | 24.94 | 25.64 24.76 0.95

Silica 23.58 | 26.15 | 24.58 | 25.69 | 25.48 25.10 1.02

NR N330 29.5 | 30.12 | 29.58 | 29.67 | 28.69 29.51 0.52

CaCoO, 23.65 | 23.64 | 24.25 | 22.84 | 22.12 23.30 0.83

Silica 26.48 | 26.87 | 26.12 | 27.84 | 26.45 | 2675 | 0.66

NR/ENR25 N330 30.8 | 31.12 | 31.85 | 30.42 | 30.85 | 31.01 | 0.53

CaCoO, 2351 | 23.46 | 26.72 | 21.84 | 2432 | 2397 | 178

Silica 2824 | 27.69 | 27.58 | 28.74 | 2735 | 2792 | 0.56

NR/ENRS0 N330 32.15 | 31.22 | 30.51 | 31.25 | 31.85 | 31.40 | 0.63

CaCo, 23.14 | 2427 | 2061 | 26.42 | 26.42 | 2417 | 2.44
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mM3h 11 wansnaaeun lugaanszezda 300% (300 % Modulus (MPa)) U981 NR, 814

WENTHI19 NR/ENR25 (1ag NR/ENR50 19051891 90:10 AN 15AAANTHANN

300 % Modulus (MPa)
AN I AAN 1 2 3 4 5 | Aunds | s..
NR 189 | 191 | 1.85 | 1.86 | 1.82 | 1.87 0.04
Neat ENR25 1.62 | 1.68 | 1.57 | 1.68 | 1.58 | 1.63 0.05
ENR50 1.76 | 158 | 1.85 | 1.75 | 1.94 | 1.78 0.13
Silica 2.15 | 2.08 | 2.04 | 218 | 219 | 213 0.07
NR N330 348 | 351 | 334 | 3.15 | 3.52 | 3.40 0.16
CaCo, 185 | 187 | 1.8 | 1.72 | 1.76 | 1.80 0.06
Silica 201 | 205|218 | 2.1 [215| 210 0.07
NR/ENR25 N330 428 | 429 | 438 | 4.28 | 431 431 0.04
CaCo, 1.88 | 1.86 | 1.75 | 1.92 | 1.87 | 1.86 | 0.06
Silica 215 | 2.68 | 2.04 | 1.98 | 212 | 219 0.28
NR/ENR50 N330 445 | 434 | 433 | 415 | 435 | 432 0.11
CaCO, 1.85 | 1.84 | 1.75 | 1.76 | 1.85 | 1.81 0.05
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M519i 12 Wan1sNAdouTezda o 9AU1A (Elongation at break (%)) ¥94819 NR, 8 1NWEL

[ 1

521719 NR/ENR25 1182 NR/ENRS0 18051621 90:10 NANE15AVANTHAA 1

Elongation at break (%)

BN 15 AAN 1 2 3 4 5 mMmag | S.D.
NR 705.35 | 708.56 | 690.58 | 721.68 | 691.05 | 703.44 | 13.05
Neat ENR25 706.81 | 688.85 | 67428 | 701.25 | 692.56 | 692.75 | 12.51

ENRS50 681.65 | 675.58 | 691.52 | 697.58 | 701.25 | 689.52 | 10.76

Silica 678.59 | 681.58 | 675.25 | 668.25 | 678.25 | 676.38 | 5.07

NR N330 654.25 | 648.25 | 667.25 | 669.31 | 658.36 | 659.48 | 8.83

CaCoO, 683.15 | 687.25 | 675.25 | 692.15 | 667.52 | 681.06 | 9.78

Silica 689.36 | 688.74 | 67823 | 697.25 | 691.58 | 689.03 | 6.91

NR/ENR25 N330 645.27 | 621.48 | 637.25 | 638.71 | 638.15 | 636.17 | 8.81

CaCO; | 691.23 | 664.28 | 694.58 | 684.25 | 689.26 | 684.72 | 12.02

Silica 684.59 | 681.69 | 697.25 | 672.68 | 675.18 | 682.28 | 9.65

NR/ENRS0 N330 632.74 | 63548 | 642.85 | 642.35 | 615.83 | 633.85 | 10.98

CaCO, | 67526 | 681.25 | 651.68 | 675.18 | 667.38 | 670.15 | 11.44
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M3191 13 HANTNATOUAIINNUADNITNAVIA (Tear Strength (MPa)) U89819 NR, 81INaN

[ 1

521719 NR/ENR25 1182 NR/ENRS0 18051621 90:10 NANA15AVANTHAA 1

Tear Strength (MPa)
AL I AAN 1 2 3 4 s | Aunds | s..
NR 294 | 3.1 | 285|296 | 293 | 296 0.09
Neat ENR25 286 | 2.74 | 296 | 275 | 2.79 | 2.82 0.09
ENRS50 299 | 276 | 297 | 2.88 | 2.87 | 2.89 0.09
Silica 293 | 3.05 | 2.89 | 297 | 296 | 2.96 0.06
NR N330 335 | 342 | 3.18 | 3.62 | 321 | 3.36 0.18
CaCo, 302 | 295 | 2.84 | 293 | 321 | 3.01 0.15
Silica 3.08 | 3.15 | 3.12 | 296 | 3.19 | 3.10 0.09
NR/ENR25 N330 3.48 | 3.59 | 3.46 | 3.45 | 3.12 3.42 0.18
CaCO, 3.05 | 3.07 | 294 | 3.16 | 328 | 310 | 0.13
Silica 3.15 | 3.58 | 325 | 2.84 | 297 | 3.16 0.28
NR/ENRS50 N330 3.36 | 3.48 | 3.59 | 3.45 | 3.29 3.43 0.12
CaCo, 3.15 | 325 | 3.25 | 3.42 | 3.5 | 324 | 0.1l
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d' <3 = 1 9 1 ]
M0 14 WANITNAFBUANULAIULTIVRINTTANIZIEHNUFUAAIL Tuaeu 6 Aved
(H-TEST ADHESION (MPa)) ¥84819 NR, 819NdN52 1319 NR/ENR25 11

NR/ENR50 f9A51891 90:10 MANTITAUANFUANE

H-TEST ADHESION (MPa)
A CRRGRITEY 1 2 3 4 5 | sunds | S.D.
NR 256 | 275 | 263 | 269 | 271 | 267 |0.07
Neat ENR25 325 | 314 | 3.05 | 297 |328| 314 |0.13
ENR50 324 | 312 | 334 | 322 [312] 321 |0.09
Silica 756 | 745 | 751 | 8.12 | 784 | 770 | 0.28
NR N330 302 | 358 | 345 | 3.2 | 284 | 322 |029
CaCo, 356 | 3.2 | 3.84 | 345 [3.75| 354 |028
Silica 926 | 9.14 | 933 | 942 [9.02| 923 0.16
NR/ENR25 N330 3.68 | 345 | 325 | 378 | 3.86| 3.60 | 0.25
€aQ0, 3.65 | 3.48 | 375 | 398 |378| 373 |0.I8
Silica 1059 | 11.25 | 11.84 | 1025 | 9.54 | 10.69 | 0.89
NR/ENRS0 N330 391 | 358 | 394 | 409 |394| 389 |0.19
CaCo, 402 | 411 | 3.64 | 3.84 |405| 393 019
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M9 15 HANINAFIUNTNNDINIA1ASTAIINANNAUNANAIVOIE1Y NR, PNHANTZNIN

NR/ENR25 11az NR/ENR50 190351871 90:10

ANUAUNAAAI (Pressure loss: psi)

NUINIU 1 2 3
Sl 0 | 12 | 24 | 36 | 48 | 60 | 72
NR 33 | 31 | 30 | 29 | 28 | 28 | 27
NR/ENR25 33 [ 31 [ 31 | 30 | 30 | 30 | 29
NR/ENR50 33 [ 32 [ 32 | 32 ] 31| 31| 30

NUINIY 4 5 6
sl 84 | 96 | 108 | 120 | 132 | 144

NR 27 26 25 25 25 24

NR/ENR25 29 28 28 27 27 27

NR/ENRS50 29 29 28 27 27 27

IUIUIU 7 8 9

U INe 156 | 168 | 180 | 192 | 204 | 216

NR 24 23 22 22 22 22

NR/ENR25 26 26 25 25 25 25

NR/ENRS50 27 26 26 25 25 24

HIUIY 10 11 12

DRI PIN 228 | 240 | 252 | 264 | 276 | 288

NR 20 20 20 20 19 19

NR/ENR25 24 24 24 24 23 23

NR/ENRS50 24 24 24 24 23 23

UIUIU 13 14 15

U 300 | 312 | 324 | 336 | 348 | 360

NR 19 19 19 19 19 19

NR/ENR25 23 22 21 20 19 19

NR/ENRS50 22 22 21 20 20 20




MI9N 16 HAMSNATOUNITNNOINIA IABIANINANNAUNAAAIVDIE1 NR, PNHANTZNIN

NR/ENR25 a2 NR/ENR50 190351871 90:10 NANAITAANFAN

mmé’uﬁaﬂm (Pressure loss: psi)

NUIUIU 1 2 3
SuiTua 0 | 12 | 24 | 36 | 48 | 60 | 72
NR/Silica 33 32 31 30 30 30 29
NR/ENR25/Silica 33 33 32 32 31 31 31
NR/ENRS50/Silica 33 | 33 | 33 | 32 | 32 | 31 | 31

NUINIY 4 5 6
sl 84 | 96 | 108 | 120 | 132 | 144
NR/Silica 29 | 28 | 28 | 28 | 27 | 26
NR/ENR25/Silica 30 | 30 | 29 | 28 | 28 | 28
NR/ENRS50/Silica 31 | 31|30 | 30 | 30 | 30

NUIUIU 7 8 9
Sl 156 | 168 | 180 | 192 | 204 | 216
NR/Silica 25 | 25 | 24 | 24 | 24 | 24
NR/ENR25/Silica 27 27 26 26 25 25
NR/ENR50/Silica 29 29 28 28 27 27

UIUITU 10 11 12
Sl 228 | 240 | 252 | 264 | 276 | 288
NR/Silica 23 | 23| 23 | 22| 22 | 21
NR/ENR25/Silica 24 | 24 | 24 | 24 | 23 | 23
NR/ENRS50/Silica 26 | 26 | 26 | 25 | 24 | 24

NUIUIU 13 14 15
ﬁ1um%"ﬂm 300 | 312 | 324 | 336 | 348 | 360
NR/Silica 21 | 21 | 21 | 20 | 20 | 20
NR/ENR25/Silica 23| 23| 2| 2| 2|2
NR/ENRS50/Silica 24 | 23| 23 | 23 | 23 | 23




MI9N 17 WaMSNAgaUNINNoIMA lagiaINANNAUNaAaIv09819 NR, PNHANTZNIN

NR/ENR25 11az NR/ENR50 90351871 90:10 NANAITAANVUIA

ANNAUNaNAY (Pressure loss: psi)

NUIUIU 1 2 3
SuiTua 0 | 12 |24 [ 36| 48 | 60 | 72
NR/Carbon black 33 33 33 32 32 32 32
NR/ENR25/Carbon black 33 33 33 32 32 32 32
NR/ENRS50/Carbon black 33 33 33 33 32 32 32
NUIUIU 4 5 6
ﬁimm%"ﬂm 84 96 | 108 | 120 | 132 144
NR/Carbon black 31 31 31 31 30 30
NR/ENR25/Carbon black 32 31 31 31 31 31
NR/ENRS50/Carbon black 32 32 31 31 31 30
NUIUIU 7 8 9
Sl 156 | 168 | 180 | 192 | 204 | 216
NR/Carbon black 30 30 | 29 29 28 28
NR/ENR25/Carbon black 30 29 | 29 29 28 28
NR/ENR50/Carbon black 30 30 | 29 29 29 28
NUIUIY 10 11 12
‘511»!’314%3’31“»3 228 | 240 | 252 | 264 | 276 | 288
NR/Carbon black 28 28 | 28 27 27 26
NR/ENR25/Carbon black 2. 27 | 27 27 27 26
NR/ENRS50/Carbon black 28 28 27 27 27 27
NUIUIN 13 14 15
ﬁimm%"ﬂm 300 | 312 | 324 | 336 | 348 | 360
NR/Carbon black 26 26 | 25 25 24 24
NR/ENR25/Carbon black 26 26 26 26 25 25
NR/ENRS50/Carbon black 26 26 26 26 25 25
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MI9N 18 HANMINAFOUNINNDINIAIASTAINANNAUNAAAIVOIE1 NR, PNHANTZNIN

NR/ENR25 1182 NR/ENR50 19931624 90:10 MANTITAUAUUATIUAS LDIUA

mmé’uﬁaﬂm (Pressure loss: psi)

UIUI 1 2 3
Sl 0 | 12 | 24 | 36 | 48 | 60 | 72
NR/Calcium carbonate 33 32 32 31 31 31 30
NR/ENR25/Calcium carbonate 33 33 31 31 | 31 | 30 | 30
NR/ENRS50/Calcium carbonate 33 33 32 31 31 31 30

NUIUITY 4 5 6
cﬁmm%"ﬂm 84 96 | 108 | 120 | 132 | 144
NR/Carbon black 29 29 29 | 28 | 27 | 27
NR/ENR25/Carbon black 30 29 29 | 28 28 28
NR/ENRS50/Carbon black 30 30 29 | 29 | 29 28

NUIUITY 7 8 9
Snuialug 156 | 168 | 180 | 192 | 204 | 216
NR/Carbon black 26 25 25 | 24 | 24 | 23
NR/ENR25/Carbon black 27 27 | 26 | 26 | 25 | 25
NR/ENR50/Carbon black 28 28 | 27 | 27 | 27 | 26

NUIUIY 10 11 12
ﬂ"mm‘i’fl’ﬂm 228 | 240 | 252 | 264 | 276 | 288
NR/Carbon black 23 22 |22 | 22 | 22 | 22
NR/ENR25/Carbon black 24 24 24 | 23 23 22
NR/ENRS50/Carbon black 26 25 25 24 | 24 24

UIUIY 13 14 15
ﬁ1um%"ﬂm 300 | 312 | 324 | 336 | 348 | 360
NR/Carbon black 21 21 21 20 | 20 | 20
NR/ENR25/Carbon black 22 22 22 21 21 21
NR/ENRS0/Carbon black 23 22 22 21 21 21
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Effects of Silica Loadingon Natural Rubber /Epoxidized Natural
Rubber Blends Properties :Mechanical Properties and Nylon Cord
Adhesion
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UNARLD compounds were vulcanized at 150 °C by the compression molding

muﬁfﬂﬁﬂ'ﬁnqﬂi:a(aﬁLﬁaﬁnmwamaqmnﬁu"ﬁﬁm ﬁﬂﬁaanﬂﬁ machine. The mechanical properties and nylon cord adhesion of the
TAIUVIHANTZWIIIL19TITUTRA(NR) funnssssymdaRanSladii vulcanisate were investigated. The increasing of silica contents in the
d?mmmiﬁﬁan’%‘lwﬁﬁ 50 % mol (ENR50) Taglfaasd@ius=vinanig rubber compound significantly increased the Mooney viscosity. Silica
ST SIS T RN FLa T A90:10 Fuddadnu s a1 incorporation caused vulcanization retardation and the increasing of

ﬁﬁwwﬂﬁnﬁun'ﬁfrldid audfidnanazmsdadenuiduaiaaruluwdan scorch time and cure time of the rubber compounds. The increasing of
TaarnmswaudaniasluorsnauludFua 10-40 phr,IﬁlLll‘ﬁ’Lﬂ?anau silica contents resulted in the increasing of hardness. The silica content
s:uuﬂwﬁnmmwﬁﬁwm:ﬁnm.Nqﬁnsiumsmgﬂwmumﬂaumaéﬁq not excess to 30 phr. affect to the vulcanisate tear strength increasing.
mﬁmn"luﬁ?ﬁqmwﬂﬁ 150 °CTwu“lﬁw‘%aaa‘mfugﬂuﬁ";ﬁwmafﬂm‘lwﬁ'ﬁ The vulcanisate tensile strength increased with silica content loading
Taldvimsfneauifidinatazmsdefiafiudwdoawludawainueg not higher than 20 phr. The silica loading significantly enhance the
m'iﬂrnsiamm'ﬂmsLﬁwﬁ‘ﬁman‘m‘lummamﬁﬂaﬁﬂlﬁmwwﬁwgv.ﬁ nylon cord adhesion of the rubber blend.

Ruduataiulada sami Halunswinal e Tae lutuasenanay Keywords:silica, natural rubber, epoxidized natural rubber, rubber
ﬂ'"n'Lanm'Lun"nn‘%‘mmgdua:n mlumsmgﬂ’ummmwmwﬁumﬂﬁu% blend, nylon cord adhesion
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The objective of this work to investigation the effects of silica
loading on natural rubber(NR)/epoxidized natural rubber (ENRS0O)
o= o

& w ' i = = a 4
blend. The ratio of natural rubber/epoxidized natural rubber (ENRS0) WHITILTT DT NaLaETUwLsd l]JuCI‘LJ-[1]I’J'111ﬁS?!J‘_ﬁ’19EIWEIﬂ'[E'L“ﬁ@]

Auazinaw Ganuia aurwldvh pesasnaazwiw uesasaans

blend was 90:10. The viscosity, cure charactenistics, mechanical (Epoxidized Natural Rubber :ENR) fia Uq‘"‘ﬁr‘sujﬂaﬁlﬂnﬁq”q
properties and nylon cord adhesion of the rubber blend were studied. UsuTasesnialanltaswmidmannsawada Elﬂ'ﬁ (peroxy acid)
Silica was compounded with the rubber blend in various content, 10-40 grovsianwmndufiteaduniewsssumiadndauisaiadon
phr. by the internal mixer (Kneader). Mooney viscosity and cure  gysmfiaingnsuassnsusialandmsuiad: mv‘ilads'-ud‘guamu'ﬁm«

i o v d P ) & &
characteristics of the rubber compound were characterized. The rubber ﬂ‘i:mima«m«ﬁ‘mmmimnm L"A‘m'nﬂi“h U"I\WJJQ'J'WLT] Wi uInad W
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Aruziu (sulphur) 15

FEm (silica) 0, 10,20,30 uaz 40
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FRM (silica) 0, 10.20,30 uaz 40
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TasMocney viscometer ‘;:u MV 3000A =84 Gotech testing
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wdinTIunTAIgLY sauaialaulE moving die rheometer (MDR)
34 M 3000A 283 Gotech testing Machines, Ine. Uszinaldniu
AWATFIH ASTM D 5289-00 figmnnil 150°Caniifuaaenana
gﬂ'ﬁﬂnﬁau'l.ﬁ'u.n' A2uuda (hardness) 1B A ANIRTIIM
ASTM D 2240-00 Tauld Shore dummeterfu 473 184 Pacific
Transdueer Crop. Utzinaawiawio sud@aliumuusias
(tensile properties) NAEUATNNIATIIU ASTM D412-00 Taald
universal testing machine ‘_i:'u. Al-T00-5Gotech testing Machines,
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'r'lﬁﬁ’ﬂ].l.[ﬁUI{ﬂﬁ'ﬂﬂ?‘ﬁhT‘iﬁﬁaLﬂﬂﬂ'Sﬂ'l-l.l.l.'u].lﬁi’ﬂiﬂ'ﬂﬁ (scanning
electron microscopes; SEM) 'j'l-l. JSM 6340F wes JEOL USA,
Ine. Uszmenlszineanizoawin nareuanuudiurivasniidada
szwineanudusisauludaulasnimasauwuu H-Adhesion
test MMAIATIIRASTM D4776-00TaulEuniversal testing machine
FUAI-T00-S Gotech testing Machines, Inc. Uszimalanin
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0 433 542 T7.06 8.41 (phr) NR/ENRE0 NR

10 817 8.22 1254 11.18 0 39 39

20 12.13 8.40 1534 1151 10 42 42

30 13.09 8.45 1812 1750 20 45 45

40 13,40 8.54 18.35 18.49 30 49 49

40 52 54
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