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Abstract-The rapid industrialization produces large quantity of different industrial by products. Different
industries generate different quantity and quality of industrial waste by products. Therefore, the need of the
hour is that the industrial waste by products generated should be used in an ecofriendly manner to achieve
sustainable development and to reduce the burden of fresh raw materials produced by the nature.

Carbon waste is one such industrial waste produced in various industrial processes. The quantity and form of
carbon waste generated varies with the type of industries. The carbon exists in various forms in the nature. It
has been found that each form of carbon has some particular application. There is a scope for commingled form
of carbon waste obtained from the industries. In this study, different forms of carbon are first converted to
single uniform form or mono form and then it is proposed to investigate the application of carbon black as an
additive in bitumen.

The purpose of this study is to collect carbon waste by products from different industries. The structure,
morphology and electrochemical performance of carbon waste by products are determined by conducting SEM,
XRD, EDS and cyclic voltammetry test and the probable scope of its usage in construction and as an additive in
bitumen are explored.
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l. INTRODUCTION

The growth in different kinds of industries together with population growth has resulted in a huge
increase in production of various kinds of waste materials, throughout the world. The creation and disposal of
non-decaying waste materials such as Blast Furnace Slag, Fly-Ash, Steel Slag, Scrap Tyres, Plastics, Electronic
Wastes etc. have been posing difficult problems in developed as well as in developing countries. Research
works are carried out by various countries for the disposal of some of these waste products and utilization of
some other products and there is a lot of published literature dealing with different aspects of these challenging
problems. Of these, the efforts to find useful applications of some of the waste products as an additive to modify
bitumen have given satisfactory results.

Carbon black is virtually pure carbon in the form of colloidal particles resulting from the incomplete
thermal decomposition of hydrocarbons. Different analytical methods used for the study of various structural
parameters of both the samples include X-ray diffraction, scanning electron microscopy.

1. Materials And Methodology

Carbon black is effectively pure carbon which is formed by incomplete burning/thermolysis the
compounds made up of hydrogen and carbon. The appearance of carbon black is black, fine powder. It is an
unwanted material obtained from various industries and hence it is difficult to dispose. Normally these wastes
from industries are decomposed in the soil thereby causing soil contamination and pollution in water. By
utilizing carbon black as filler, this problem can be reduced to a high degree. The specific gravity of carbon
black is 1.33. The pH of carbon black is 6, hence is an inert material.

The fine powdery soot or carbon waste formed by the burning of hydro carbon under oxygen depleted
conditions. And also, carbon black is defined as virtually pure elemental carbon in form of colloidal particles
that are produced by incomplete combustion or thermal decomposition of gaseous or liquid hydro carbon under
controlled conditions. And also Carbon black powder which is produced from source of burnt plastic waste or
tyres.

The morphological features of carbon waste were analyzed by SEM, EDS, and XRD. The surface morphology
and EDS measurements were recorded with scanning electron microscope.
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Surface Morphological Study

The surface morphology of carbon waste is analysed using SEM and the carbon waste is seen to be
non-uniform. It is evident from the figure that the carbon waste particles are in the form of spherical particles of
a wide range of sizes. The larger particles seem to be made up of aggregates of the smaller ones. The carbon
waste particles are small with majority of particles about 2 pm diameter.

SEM HV: 25.0 kV WD: 5.03 mm VEGA3 TESCAN

SEM MAG: 5.00 kx Det: SE 10 pm
View field: 41.5 pm Date(m/dly): 02/24/22 CoE-BMS College of Engineering

Fig.1: SEM image of Carbon byproduct

Chemical Composition Analysis

Energy dispersive spectroscopy (EDS) of carbon waste particles is presented in figure. The spectra
show the presence of carbon, oxygen and some traces of iron. The composition of the carbon waste from the
EDS analysis indicates the waste to consist of about 22.08% weight carbon, 37.03% weight of oxygen and
40.89% weight of iron. Iron is due to the use of iron oxide in the brick manufacturing process.

The result shows the carbon waste to be composed mainly of carbon and oxygen, figure 2 and table 1.
The Energy Dispersive Spectroscopy (EDS) of the soot particles indicate the presence of iron other metal along
with carbon and oxygen as recorded in the spectra.
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Fig.3: EDS spectra of Carbon waste

STRUCTURAL CHARACTERISATION

Figure 4.11 displays the X-ray diffraction (XRD) pattern of carbon waste from a brick manufacturing.
The collected carbon waste was purified using a vacuum filtration equipment before being put to use. At 26 =
26.36°, the Bragg diffraction peaks. The hexagonal graphite lattice corresponds to the peak at 26 = 26.36°. The
peak at 26 = 26.36° is a narrow peak of moderately high intensity that denotes the presence of significant
amorphous carbon material.
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Fig.2: XRD of Carbon byproduct

CARBON WASTE AS AN ADDITIVE IN BITUMEN

In this study, we talk about how carbon black powder works well as an additive in VG-10 bitumen. Tests were
carried out to determine the basic characteristics changes in bitumen after the addition of carbon black powder
in various percentages, including 0.5%, 1.0%, 1.5%, and 2.0% for all the varied percentage additions of carbon
black to the bitumen. Here, the viscosity and softening point temperature changes are observed.

Via melt blending, carbon black modified bitumen binder was made. The neat bitumen binder was heated up
until the temperature of it reached to 150°C and then mixed neat bitumen binder with different percentages of
carbon black (0.5%, 1%, 1.5% and 2%), employing a shear mixer at a speed of 3000 r/min. Adding 1/3 mass of
carbon black into the asphalt every 10 min, then mixing for 30 min after all carbon black was added, so the
whole mixing time was 1h to prepare CB modified bitumen, and referring to previous researches, evenly
distributed carbon black modified bitumen can be obtained.

BASIC PROPERTIES OF VIRGIN BITUMEN BINDER
The virgin bitumen also had been tested in penetration and softening point to check its repeatability. The results
are as in the following table.

TABLE |

(Basic properties ofvirginbitumen binder)
SL NO TESTS VG-10
1 Penetration at 25°C, 5 sec 99
2 Softening point, °C 435
3 Viscosity, sec 100.66
4 Ductility at 25°C 78
5 Specific gravity 0.961

BASIC PROPERTIES AFTER ADDITION OF CB POWDER
After the mixing work was completed, the entire sample was tested for its penetration value, softening point
value, specific gravity, ductility and viscosity. The results are shown in the tables below.

TABLE 11
(Basic properties after addition of CB powder)
Tests Specifcgravity Softening point in | Viscosity in sec | Penetration in mm Ductility in cm

% of CB °C

Virgin bitumen 0.961 43.5 100.66 99 76
0.5 0.971 45 99 94 69
1.0 0.979 45.5 97 93 63
15 0.996 46 95 89 57
2.0 1.12 50 84 83 44
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1. CONCLUSION

After detailed experimental investigation, the following conclusions are drawn

Different carbon waste samples have been found to have non-uniform surface morphology.

The EDS analysis reveals the inclusion of additional undesirable components in the sample.

By using centrifugation and vacuum filtering, the undesirable components are eliminated.
Successful addition and blending of the virgin bitumen and carbon black at the appropriate ratios.
After carbon black is added, the bitumen's characteristics are established.

Both the penetration and softening point tests have shown that adding carbon black additives improves the
values more than using virgin bitumen alone. As a result, bitumen's resistance to rutting and cracking is
increased by the use of carbon black additives.
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