CHAPTER-1
GENERAL INTRODUCTION

1.1. Introduction

The automotive industry is undergoing a technological change from fossil fuel driven vehicles to
electric vehicles, especially in the passenger car segments. The prime motive for this revolution is
to combat air pollution caused by fossil fuel engine’ emissions due to burning of the same. To

minimize the air pollution different nations raised different regulations [1].

The US Govt. through its numerous agencies on environmental traffic safety etc has promulgated
a National Programme, known as California’s Advanced Clean Car program—as the National
Program [2]. Climate action tracker (CAT) projected US to produce greenhouse gas emission of
28-32% below 2005 level by 2030 because of the various initiatives adopted. The European
Union’s rule imposed in 2007, for passenger car, as fleet average of 158.7 grams of CO» per
kilometer. Later they set 2015 and 2021 targets represent reductions of 18% and 40% respectively
compared with that of the 2007 [3]. India has committed to cutting its greenhouse gas (GHG)
emissions intensity by 33% to 35% percent below 2005 levels by 2030 [4]. Thus, reductions of
CO; emission i.e., the reduction of green gases has become a major motto for automotive industry,
and which enforce vehicle manufacturers to control the fuel consumption by the vehicles. Fuel
consumed by vehicles is due to drivetrain losses, tyre rolling resistance, acrodynamic drag, braking

energy, accessories etc.

Tyres provide a significant contribution to fuel consumption of vehicles due to the rolling
resistance, which arises primarily from the viscoelastic rubber materials used in tyres, and the
major contribution of tyre rolling resistance arises from tyre tread. A reduction of rolling resistance
benefits in the fuel economy of vehicles and it is seen a reduction of 20-30% rolling resistance
benefits up to 6% reduction of fuel consumption [5]. Thus, tyre with low rolling resistance is highly
essential for the modern transport industry. New generation electric vehicles result high torque on

tyre to start the vehicles and causing high heat generation and high wear of tyre. Hence, along with



rolling resistance, the durability of tyre, low heat buildup, high wet traction and high stiffness of

rubber compounds are also essential for the tyre tread application [6].

To focus on improvement of tyre durability, the abrasion resistance and the heat buildup properties
of tyre play crucial role. As tyre gets more wear due to friction with road causing reduced tread
depth, which leads to rapid scrape of the tyres. During operation, tyre is in continuous cyclic
deformation and thus, continuous heat is generated in the tyre during operation, which boost the
degradation of rubber molecules and leads to deterioration of tyre strength, cracking of tyre
surface, increase of tyre wear and many other adverse characteristics of tyre , that finally lead to

scrape of the tyres [7].

Tyre is a composite material consisting of rubber as base materials and different compounding
ingredients, fillers, fabrics etc. Characteristics of rubbers, fillers and other compounding
ingredients contribute on rolling resistance, heat buildup, mechanical strength as well abrasion
resistance performance of tyre. However, rubber and fillers are the major contributors towards the
performance of the same. Extensive studies have been carried out on development of rubbers,
fillers such as carbon black, silica, nano particles etc are used to optimize different performance

properties of tyre compounds [8].

Carbon black is the most common reinforcing filler used in tyre compounds which provides
strength, increase abrasion resistance property, increase the stiffness of rubber compound,
however, carbon black also results in filler-filler interaction, heat buildup, hysteresis energy loss
in the rubber compound. The hysteresis energy loss is increased in filled rubber compounds
because of filler-filler interaction, inadequate filler dispersion in rubber matrix etc. which causes
high rolling resistance in tyre applications. Heat buildup in rubber compound during service
accelerates the degradation of rubber molecules and attributed to less durability of tyres. Hence
carbon black with optimum rolling resistance, heat buildup, filler-filler interaction, abrasion

resistance, mechanical strength is recommended for tyre tread applications [9].
1.2. Research Objectives

The objective of this research work is to improve of tyre tread compound performance by

modifying carbon black characteristics. One of basic sources of hysteresis loss in carbon black



filled rubber compound is breakdown of carbon black filler-filler network in the rubber matrix.
Carbon black with reduced filler interaction, has less propensity of filler-filler network formation
and has lesser scope of hysteresis energy loss due to cyclic deformation of tyres during service. In
this investigation attempts have been made to reduce the hysteresis energy loss of tyre tread
compound by development of new carbon black with engineered morphology using the furnace
process of manufacturing and modifying commercially available carbon black by suitable
methods. To develop and modify carbon black with enhanced tyre tread property the mechanism
of filler-filler interaction, hysteresis energy loss, abrasion resistance, heat buildup, mechanical

strength, other dynamical and rheological characteristics of rubber compounds have been studied.

Carbon black with different particle size, surface area, structure, aggregate size, aggregate size
distribution has different effects in tyre tread compounds. The filler-filler interaction, hysteresis
energy loss of rubber compound on inter-aggregate distance of carbon black aggregates in rubber
matrix is an important aspect of this study. The study focuses on the effect of aggregate size
distribution, aggregate size and presence of different size of aggregates size on above said

properties is another important objective of the study.

Carbon black with improved dispersion and distribution in rubber matrix would limit the
flocculation of carbon black aggregates and consequently lower the possibility carbon black
network formation. Carbon black with improved affinity towards rubber molecules through
chemical interaction as well as physical interaction would lead to increase filler polymer
interaction, reduce filler-filler interaction as a result improve filler dispersion and improved rubber
performance could be possible in rubber matrix. Carbon black with different crystallinity and
surface functionality has different levels of reinforcement with different types of rubber molecules
with different chemical nature. Hence the modification of surface morphology and surface
chemistry of carbon black are the extended scope of this study. In this work carbon black surface
crystallinity as well as surface chemistry were modified and the effect of the same on tyre tread

compound properties was studied



1.3. Outline of the Thesis

In the present research major focus is given to carbon black morphological characteristics
including carbon black surface crystallinity, surface functional groups, structure, particle size,
aggregate size and aggregate size distribution patterns and their corresponding influences in the
rubber compounds, suitable for tyre tread application. The thesis is presented in 8§ Chapters.
Chapter-1: General Introduction, that deliberates on the scope of the srudy. Chapter-2 is
Literature survey which covers the carbon black history, properties, applications, carbon black
development carried out for tyre applications particularly for tyre tread application. In Chapter-3
different types of materials, different testing methods and characterization techniques have been
discussed, in this chapter the modification and development of carbon black have been discussed.
The major research on carbon black development and carbon black modifications are discussed

from Chapter-4 to Chapter-7, which are briefly outline below.

Chapter-4: Modification of tyre tread compound by optimized aggregate size and aggregate
size distribution of carbon black: In this part of the research, the concept of carbon black
structural units such as aggregates are discussed. It demonstrates the carbon black aggregate size,
the pattern of aggregate size distribution and the effect of the same on rubber compound

performance are detailed for tyre tread application.

Chapter-5: Correlation of carbon black parameters with rubber compound properties for
development of improved tyre tread compounds: Carbon black is characterized with aggregate,
structure, surface area, particle size etc and each parameter has significant effect on rubber
compound properties. In this chapter rubber compound properties are correlated with different
carbon black parameters. The correlations were analysed statistically and interpreted by R-square
value, and based on the same, the scope of carbon black development for tyre tread compound are

drawn.

Chapter-6: Simultaneous changes on carbon black surface and structural morphology to
improve tyre tread compounds: Carbon black surface and structural morphology has been
modified by Ozone treatment. In this chapter the morphology changed due to ozone treatment
characterized by TEM, XRD and the effect of ozone treated carbon black were studied in rubber

compound for tyre tread application.



Chapter-7: Improvement of tyre tread compounds by treatment of carbon black with benzyl

tri-ethyl ammonium chloride (BTEAC):: In this chapter the attempt has been made to modify

surface characteristics of carbon black by chemical treatment. The effect of chemically modified

carbon black has been studied for the lowering of rolling resistance property as well as to optimize

magic triangle properties of tyre tread compounds.

In Chapter-8: Conclusions and Summary: overall conclusions and summary of the research have

been discussed and the scope of further carbon black development have been outlined for future

research on tyre tread compound improvement.
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