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Objectives

�Demonstrate improvements in new commercially
available low-temperature HNBRs

�Evaluate fluid resistances of new low-temperature HNBR
compounds

�Compare properties of new low-temperature polymers
with standard low-temperature polymer grades



Introduction: Crystallization



EXPERIMENTAL

Acrylonitrile Iodine Mooney GLASS TRANSITION,

Grade Content, % Value Viscosity Tg, °C

Zetpol 2010 (Z-201) 36 11 85 -26

Zetpol 3110 (Z-311) 25 15 95 -32

Zetpol 3310 (Z-331) 25 15 85 -36

Zetpol 3300 (Z-330) 25 7 85 -36

Zetpol 4110 (Z-411) 17 15 90 -35

Zetpol 4310 (Z-431) 17 15 64 -39

Zetpol 4300 (Z-430) 17 7 75 -39



Introduction: Improvements in
Novel Low-Temperature HNBR

� Improved Tear Properties

� Improved Cold Flexibility

�Reduced Compression Set

�Enhanced Processability

� Improved Oil Resistance

� Improved Property Retention After Aging



Recipes

Recipes 1 2 3 4 5 6 7
Zetpol 2010 100.00
Zetpol 3110 100.00
Zetpol 3310 100.00
Zetpol 3300 100.00
Zetpol 4110 100.00
Zetpol 4310 100.00
Zetpol 4300 100.00
N774 70.00 80.00 80.00 80.00 90.00 90.00 90.00
TOTM Plasticizer 5.00 5.00 5.00 5.00 5.00 5.00 5.00
Magnesium Oxide 3.00 3.00 3.00 3.00 3.00 3.00 3.00
Vanox ZMTI 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Naugard 445 1.50 1.50 1.50 1.50 1.50 1.50 1.50
Vul-Cup 40KE 7.00 7.00 7.00 7.00 7.00 7.00 7.00
TOTAL 187.50 197.5 197.5 207.5 207.5 207.5 207.5



Processing Properties

Z-201 Z-311 Z-331 Z-330 Z-411 Z-431 Z-430
Mooney Viscosity,ML(1+4) @ 100°C
ML 1+4 117.0 125.0 93.7 97.9 116.0 90.0 93.0

Mooney Scorch ML(1+30) @ 125°C
Minimum Viscosity 69.1 89.0 61.9 64.7 80.4 55.3 62.9
T5, (min) >30 >30 >30 >30 >30 >30 >30
T35, (min) >30 >30 >30 >30 >30 >30 >30

ODR,170ºC,Micro 100cpm, 3°arc
ML, (lbf·in) 15.3 22.0 14.9 16.0 18.8 12.1 14.7
Ts2, (min) 1.6 1.9 2.0 1.6 2.0 2.0 2.0
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Compound Viscosity, Mooney
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Physical Properties

Z-201 Z-311 Z-331 Z-330 Z-411 Z-431 Z-430

Original Vulcanized,
Hardness A, (pts) 74 72 73 74 70 73 74
Modulus @ 100 %, (psi) 878 1611 1345 1314 1433 1404 1417
Modulus @ 100 %, (MPa 6.0 11.1 9.3 9.0 9.9 9.7 9.7
Tensile, (psi) 3880 3764 3659 3630 3158 3309 3425
Tensile, (MPa) 26.7 25.9 25.2 25.0 21.7 22.8 23.6
Elongation, (%) 321 208 224 219 190 199 214
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Tear Resistance: Die C
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Compression Set Resistance
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Low-Temperature Retraction
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Low-Temperature Brittleness
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Low-Temperature Properties

LOW-TEMPERATURE FLEXIBILITY:
GEHMAN
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Ozone Resistance

50 pphm, 38°C, 30% Strain
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Air Aging 1000 Hours/150°C
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Fluid Aging

� Fluids aged for 1000 hours at 150°C

Dexron III

IRM 903 Oil

Mobil I Super Synthetic Motor Oil (10W30)



Fluid Aging 1000 Hours 150°C:
Elongation Change
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Fluid Aging 1000 Hours 150°C:
Tensile Change
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Fluid Aging at 1000 Hours 150°C:
Volume Change
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Conclusions:

�Better processability

� Improved low-temperature properties

� Improved tear properties

�Reduced compression set properties

� Improved retention of properties after aging


