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Mechanical Properties and Gasohol Oil Resistance of NBR/HNBR Blend

Containing Precipitated Silica Filler
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Abstract

This work studied the blend proportion of acrylonitrile-
butadiene rubber (NBR)/hydrogenated acrylonitrile-butadiene
rubber (HNBR) blends at ratios of 100:0, 75:25, 50:50, 25:75 and
0:100 (wt%) for vehicle seal applications that contact with gasohol
fuel. The work studied the effect of precipitated silica loading in
rubber compounds on the mechanical properties of the rubber
blends. The results suggested the variation of proportion of
NBR/HNBR blends could improve the overall mechanical
properties of the rubber blends except tensile modulus, hardness
and compression set, with increasing HNBR loadings. Under

commercial gasohol oil resistance with the presence of 10, 20

* Corresponding author

and 30% ethanol, the results suggested that the lowest swelling
of NBR/HNBR blends was given with gasohol oil E85, and the
recommended blend ratio of NBR/HNBR was 50:50. For the
effect of precipitated silica loading, it was found that the amount
of precipitated silica at 30 phr could improve an enhancement in
mechanical properties as well as commercial gasohol olil
resistances.

Keyword: NBR/ HNBR/ Gasohol oil/ Mechanical properties/

Precipitated silica
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2.2 MIeSENTRIMUAZNIINAFDL
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AWANAI3I% ASTM D395-03

Fagau/asiail i 13178 (phr)*
1. nududiond : cnuemduiony N3N 100:0, 75:25, 50:50, 25:75 1A 0:100
2. Bafioon lae (Zine Oxide, ZnO) Msnszqulisen 5.0
3. MO39 (Carbon black) t1N39 N660 MTATTS 60.0
4. Dioctyl phthalate (DOP) ASESNANIANAITAD 8.0
5. Dicumy peroxide (DCP) ﬁﬁl%ﬂi\liﬂﬁﬂaﬁ?m 7.5
6. Trimethylolpropane Trimethacrylate (TMPTMA) o ﬁﬁﬁﬁlﬂl“l%’f]iﬂmﬂﬁﬁ?m 12.0
7. Santoflex 6PPD mrtleainlfisoeondiadu 2.0
8. WIFNINAFANT (Precipitated silica; PS) AT NAATUT Wsunfamnliinai 0, 10, 20, 30, 40

* phr: parts per hundred of rubber by weight
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- U33naeen9 HNBR fitdiaTwansdnions (%)
GEMTIG

0 25 50 75 100
Oscillating Disk Rheometer (ODR):
Scorch time; ts; (min:sec) 0:36 0:37 0:36 0:36 0:38
Cure time; tcgy (min:sec) 3:37 4:16 7:19 8:02 8:38
Delta torque (dN-m) 148.4 150.3 157.5 122.7 102.2
Mooney viscosity (ML 1+4)100 °C 32.0 32.8 34.3 40.0 471
Modulus at 70 % elongation (MPa) 6.1+ 0.1 58 +0.3 56 +0.3 45+0.2 3.4+0.2
Tensile Strength (MPa) 19.7 £ 0.6 16.7 £ 0.5 179+ 0.3 18.6 £ 0.2 20.9+0.3
Elongation at break (%) 145+ 4 147 £ 3 168 £ 7 217 £ 11 342 + 3
Tear Strength (kN/m) 128 +£1.3 13.4 £ 0.2 16.2 £ 0.4 27.2 £ 0.7 425+ 2.2
Hardness (Shore A) 82+ 1 84 + 1 85+ 1 85+ 1 81+1
Compression set (%) 400 5.4+0.2 6.6 + 0.8 123 £ 0.5 13.0+0.2
Volume loss (mma) 949+ 47 102.5 £ 6.9 96.5 + 7.6 785+ 7.7 61.2+9.9
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a319n 3 FUUGTINa LLG:ﬂW‘iVI%@iaﬁ’]ﬁuLLﬁyﬁI‘H‘a’laﬁ YDILNINFTUTEHIN NBR:HNBR ﬂ’]Emﬂi‘]ﬂ’]‘iLHﬂ%ﬁ’]ﬁuLLﬁﬁI‘ﬁﬁa5%’107]’]55’]

USa1ma19 HNBR ftdinTuasiduiians (%)

ANUA
0 5 | s0 | 75 | oo
autianasnsuglwinsuwufalaaednionse zita E10 flganpfivias e 70 Falae
Modulus at 70 % elongation (MPa) 45+ 0.1 4.0+ 0.1 3.6+0.1 2.7+0.3 1.7 +0.2
Tensile Strength (MPa) 59+0.5 6.3+ 0.5 6.9 + 0.1 6.7+ 0.4 8.4+04
Elongation at break (%) 83+3 95 +6 109 + 2 139 +4 227 + 10
Tear Strength (kN/m) 4.0%0.2 44 +0.3 45 +0.1 9.0£0.7 176 £ 1.7
Hardness (Shore A) 75+ 1 75+ 1 76 £ 1 69 + 1 62 + 1
Swelling in Gasohol E10 (%) 18.5+0.2 19.5+£ 0.1 20.8 £ 0.3 246 £ 0.2 27.1+0.2
suienasnsugluwinduulalzaadnion1san uita E20 ﬁqmwgﬁﬁaa WHiwiaan 70 2 lae
Modulus at 70 % elongation (MPa) 4.7 £ 0.1 3.9+03 3.6+0 26+0.2 1.8+ 0.1
Tensile Strength (MPa) 53+0.2 59+0.2 76 +0.2 75+0.5 8.3+0.3
Elongation at break (%) 75+ 1 92+ 2 116 £ 2 156 £ 3 223+ 4
Tear Strength (KN/m) 3.7+0.7 3.9+04 45+0.3 7.1+0.8 15.7 £ 0.9
Hardness (Shore A) 74 £ 1 76 £ 1 73+ 1 66 £ 1 611
Swelling in Gasohol E20 (%) 19.2+ 04 20.3+0.2 215+ 0 24.3 + 0.1 27.7 + 0.1
autanasnsugluwinawuialasodnionisa zita E85 ﬁqm‘ngﬁﬁaa e 70 Falae
Modulus at 70 % elongation (MPa) 49 +0.2 4.4 +0.2 45+ 0.1 3.2+0.1 2.3+0.1
Tensile Strength (Mpa) 93104 7905 9.9+0.5 9.7+ 0.3 1231+ 0.3
Elongation at break (%) 102 + 1 103 + 6 123 + 2 165 + 4 265 + 2
Tear Strength (kN/m) 5.0 £ 0.6 53104 6.6 £ 0.8 115+ 04 212+ 0.1
Hardness (Shore A) 76 £ 1 78 £ 1 76 + 1 75+ 1 70 £ 1
Swelling in Gasohol E85 (%) 8.2+0.2 7.0+0.5 6.5t 6 71103 8910
suenasnsugluwinduulalaaadnion1san uita E10 ﬁqmwgﬁ 100 °C 1§luiaan 70 T lag
Modulus at 70 % elongation (MPa) 4.7 £ 0.1 3.8+0.2 3.5%0.2 24 1£0.5 1604
Tensile Strength (MPa) 5.7 +0.6 6.4 +0.7 6.7 + 0.3 6.6 + 0.5 79+0.3
Elongation at break (%) 80 %5 98 +7 118+ 6 134 £ 5 213+ 8
Tear Strength (kN/m) 3.7 £ 0.1 3.8 0.1 45+0.3 6.3+0.2 144 +04
Hardness (Shore A) 74 £ 1 731 711 68 £ 1 611
Swelling in Gasohol E10 (%) 16.5 £ 0.1 1860 19.9+ 0.4 234 +0.2 28.6 + 04
autianasnsugluwinswufalaaednion e zita E20 ﬁqmﬂgﬁ 100 °C 1iluiaan 70 T las
Modulus at 70 % elongation (MPa) 42 +0.1 3.6+0.1 3.5+0.1 2.5 +0.3 1.8+0.2
Tensile Strength (MPa) 58 +0.2 53+0.3 6.0 £ 0.3 57104 74 +0.2
Elongation at break (%) 87 + 2 91+3 102 + 4 122 + 6 202 +2
Tear Strength (kN/m) 3.7+0.1 370 39105 5.6 £ 0.1 11.95 £ 0.7
Hardness (Shore A) 731 70+ 1 70+ 1 68 £ 1 57 +1
Swelling in Gasohol E20 (%) 243 +0.2 247 +04 254 +£0.3 326 £0.7 371207
suenaensugluwinsuuialzaadnionsan wfia E85 figann@ 100 °C 1lwiaan 70 Flae
Modulus at 70 % elongation (MPa) 43 %0.2 4.0%0.2 41+0.2 28 +£0.1 23103
Tensile Strength (Mpa) 6.9+0.2 71105 8.4+ 0.6 8.2+04 11.1+0.3
Elongation at break (%) 92 +2 102+5 115+ 6 156 £ 5 244 £ 5
Tear Strength (kN/m) 43+0.1 4.0 £0.1 47+04 7.8+07 175+ 0.6
Hardness (Shore A) 73+ 1 73+ 1 74 £ 1 72 £1 64 + 1
Swelling in Gasohol E85 (%) 11.6 +0.2 1.4 £0.2 12.0 + 0.1 130+ 0.3 15.1 £ 0.2
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Moving die rheometer (MDR):
Scorch time; ts; (min:sec) 0:40 0:38 0:37 0:36 0:44
Cure time; tcgy (min:sec) 6:42 6:17 5:59 5:43 5:24
Delta torque (dN-m) 36.3 39.9 47.6 54.6 50.5
Mooney viscosity (ML 1+4)100 °C 34.3 44.7 54.1 69.1 82.4
Modulus at 70 % elongation (MPa) 5.6 £ 0.3 7.5+01 9.3+£0.2 11.1 £ 0.3 151104
Tensile strength (MPa) 179+ 0.3 19.9+0.3 194 £ 0.4 19.7 £ 0.2 17.7 £ 0.3
Elongation at break (%) 168 £+ 7 161+ 2 139+ 4 131+ 2 87 2
Tear strength (KN/m) 16.2+ 0.4 204 + 0.7 271 +£0.8 38.2+1.1 225+ 1.1
Hardness (Shore A) 85+ 1 85+ 1 88 1 92 +1 95 + 1
Compression set (%) 6.6 + 0.8 10.59 £ 0.8 10.83 + 0.6 13.76 £ 0 11.25 £ 0.4
Volume loss (mma) 96.5+7.6 101.4 £ 8.1 107.3 £ 1.8 106.5 £ 5.2 138.8 £ 9.2

antianasnsugluwinduwuAalraasnionsa i E10 ﬁqmwgﬁﬁaa Wiwiaan 70 7alae
Modulus at 70 % elongation (MPa) 3.6 £ 0.1 4.0 £ 0.1 53+0.2 5.0+0.3 780
Tensile strength (MPa) 6.9 + 0.1 7.3+0.7 8.0+0.7 84 +04 9.0+ 0.5
Elongation at break (%) 109 + 2 112 £ 10 97+ 4 118 £ 10 825
Tear strength (kN/m) 4.5+ 0.1 6.6 + 0.6 6.9+ 0.7 9.2+0.8 6.8 +0.8
Hardness (Shore A) 76 £ 1 74 £ 1 78 + 1 801 86 + 1
Swelling in gasohol E10 (%) 20.8 £ 0.3 21.3+0.2 19.7 £ 0.1 19.0 £ 0.3 17.6 £ 0.2

sutanasnsuglwinauuialroadnioniidn oita E20 flgmnpiisios ilwan 70 Falus
Modulus at 70 % elongation (MPa) 36+0 41+ 0.1 53+0.2 47 +0 7.8+0.2
Tensile strength (MPa) 76+0.2 72104 8.3+04 8.7+0.2 8.3+04
Elongation at break (%) 116 £ 2 112+ 5 101+£3 125+ 0 74 + 4
Tear strength (kN/m) 45+0.3 6.2+ 0.5 6.8+ 1.2 6.9+ 0.3 6.8 £ 0.6
Hardness (Shore A) 73+ 1 75+ 1 79+ 1 801 86 + 1
Swelling in gasohol E20 (%) 2150 21.7 £ 0.1 20.2£0.3 19.5 = 0.1 17.7 £ 0.3

autanasnsugluwinawuialasadnionisdr ziia E85 fgmnpiiving 1flwnan 70 Falug
Modulus at 70 % elongation (MPa) 4.5+ 0.1 5.1+0.3 6.9+ 0.1 7302 11.0+ 0.3
Tensile strength (Mpa) 9.9+0.5 10.8 £ 0.2 124 £ 0.4 125+ 0.3 12.0+ 0.6
Elongation at break (%) 1232 124 + 2 1112 1103 764
Tear strength (kN/m) 6.6+ 1 96+ 1 99+1 12.6 £ 0.1 8.8 £ 0.5
Hardness (Shore A) 76 £ 1 79 1 811 84 +1 89 +1
Swelling in gasohol E85 (%) 6.5 £ 0.6 700 6.8 £ 0.1 6.2 £0.1 6.0 £ 0.1
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