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Performance Requirements

for Tread Compounds

• Enhanced Tread Wear Resistance - Increased Product
Durability

• Reduced Rolling Resistance/Heat Build up - Better Fuel
Economy and Improved Durability

• Enhanced Traction/Handling Performance - Improved
Safety



Effect of Carbon Black Surface Area on

 Compound Abrasion Resistance
In general:

High Surface Area => High abrasion resistance

l Increased contact area with
elastomer

l Increased adsorption from polymer

However, other non-surface area related
factors will also contribute to abrasion
resistance:

l  Dispersion
l  Surface activity/oxidation
l  Graphitization

Ref. W.M. Hess et al. KGK, 41, 1215 (1988)



Effect of Surface Area on Hysteresis
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Ref. M.J. Wang et al.  RC&T, 74, 124 (2001)



Summary - Effect of Surface Area on

Compound Properties

LOWER ABRASION RESISTANCE HIGHER

LOWER HARDNESS HIGHER

LOWER TENSILE HIGHER

NMF MODULUS NMF

HIGHER ELONGATION LOWER

HIGHER REBOUND  LOWER

LOWER VISCOSITY HIGHER

HIGHER DISPERSIBILITY LOWER

NMF DIMENSIONAL STABILITY NMF

LOW surface area

   

HIGH surface area



Effect of Carbon Black Structure on

Abrasion Resistance

Effect of Structure:

l Increased reinforcing efficiency
(occluded rubber)

l Enhanced filler-polymer
interaction - creation of reactive
surface due to structure breakage
during mixing

l Improved dispersion of carbon
black

Ref. E.Micek et al. RC&T, 41, 1271 (1968)



Summary - Effect of Aggregate Size and

 Structure on Compound Properties

INCREASES HARDNESS           DECREASES

DECREASES TENSILE           INCREASES

INCREASES MODULUS           DECREASES

DECREASES ELONGATION           INCREASES

NMF  REBOUND          NMF

INCREASES VISCOSITY          DECREASES

INCREASES DISPERSIBILITY          DECREASES

INCREASES DIMENSIONAL STABILITY     DECREASES

   LARGE/HIGH  SMALL/LOW



Effect of Carbon Black Aggregate Size Distribution

  Carbon blacks with a broad aggregate size
distribution give rise to compounds with:

l Reduced hysteresis loss
n Lower heat build up
n Lower rolling resistance

Ref. M.J. Wang. et. al. RC&T, 66, 178 (1993)



Effect of Aggregate Size Distribution

 on Compound Properties

INCREASES HARDNESS          DECREASES

NMF TENSILE          NMF

NMF MODULUS          NMF

NMF ELONGATION          NMF

DECREASES REBOUND          INCREASES

INCREASES VISCOSITY          DECREASES

NMF DISPERSIBILITY          NMF

INCREASES DIMENSIONAL STABILITY    DECREASES 

   NARROW  BROAD



Analytical Properties:

VULCAN 1436 vs. carbon blacks with “ similar”
surface area

Filler CTAB OAN C-OAN

Cabot Grade ASTM m2/g ml/100g ml/100g

VULCAN 6 N220 111 114 100

VULCAN 1436 100 143 111

VULCAN J N375 96 114 96

VULCAN M N339 93 120 101

In comparison with other carbon blacks, VULCAN 1436 exhibits:
• Higher OAN
• Higher C-OAN
• Surface area in between VULCAN 6 and VULCAN J



VULCAN 1436:

A high structure, wide ASD Carbon Black

In comparison with VULCAN J, VULCAN 1436 exhibit higher structure
and a broad aggregate size distribution (“ASD”) 

VULCAN J VULCAN 1436



VULCAN1436 exhibit higher structure and a broader aggregate size 
distribution (ASD) in comparison with VULCAN J and VULCAN 6 
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Surface Activity

Bound Rubber Content

High bound rubber in
VULCAN 1436 based

compounds:

n  Structure breakdown in mixing
n  High surface activity
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TEST Compound Formulation

Compound No. 1 2 3 4

SMR-20 100 100 100 100

VULCAN 6- ASTM N220 50

VULCAN J - ASTM N375 50

VULCAN M - ASTM N339 50

VULCAN 1436 50

Naphthenic Oil 2.5 2.5 2.5 2.5

Zinc Oxide 5.0 5.0 5.0 5.0

Stearic Acid 3.0 3.0 3.0 3.0

TMQ Anti Oxidant 1.5 1.5 1.5 1.5

PPD Anti Oxidant 1.5 1.5 1.5 1.5

Wax 1.5 1.5 1.5 1.5

TBBS 1.2 1.2 1.2 1.2

Sulfur 1.4 1.4 1.4 1.4

Total phr. 167.6 167.6 167.6 167.6



Stress-Strain Properties

Compound Tensile Properties Rebound Shore A Hardness

Comp. ID Filler Type  100%ssss 300%ssss Tensile Elong. 25°C 70°C 25°C 70°C

MPa MPa MPa % % %

1 VULCAN 6 2.88 14.04 28.78 535 53 63 63 58

2 VULCAN J 3.16 16.00 29.82 502 55 66 63 58

3 VULCAN M 3.10 15.88 27.91 473 54 66 63 58

4 VULCAN 1436 3.78 18.58 30.80 470 57 68 65 61

VULCAN 1436 based compounds exhibit in comparison with
compounds based on VULCAN 6, VULCAN J and VULCAN M:

• Higher tensile modulus
• Higher Tensile Strength
• Higher Shore A hardness
• Higher rebound

So, VULCAN 1436 exhibits an excellent reinforcement capability



Hysteresis and Tan dddd

VULCAN 1436 based compounds exhibit low hysteresis at high temperature

===> Low rolling resistance and low heat build up
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Heat Build up under Dynamic Loading

 Flexometer Measurements

VULCAN 1436 based compounds exhibit low heat build up in comparison
with compounds containing carbon blacks with similar or lower surface areas
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Abrasion Resistance (1)
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VULCAN 1436 based compounds exhibit higher abrasion resistance
 in comparison with compounds containing carbon blacks

with similar surface areas

Laboratory abrasion testing - Cabot Abrader



Abrasion Resistance (2)

VULCAN 1436 and VULCAN 1436/silica blend based compounds exhibit
overall good performance

Cabot VULCAN 1436 Truck Tire Testing Program

Compound HBU RR Treadwear

CB Grade CB Loading Silica Loading Lower/Better Lower/Better Higher/Better
VULCAN 7H - ASTM N234 50 0 100 100 100
VULCAN 10H - ASTM N134 47 0 97 98 109
VULCAN 1436 48 0 93 91 104
VULCAN 10H - ASTM N134 37 15 95 91 96
VULCAN 1436 38 15 95 87 99



Summary

l Compared with carbon blacks with similar
surface areas, VULCAN 1436 gives rise to
compounds with:

n  Enhanced tensile properties

n  Increased rebound

n  Reduced hysteresis and lower heat build up

n  Enhanced abrasion resistance
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