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Abstract: This research titled “Impact of Carbon Black from Gasoline Engine on Flow of Current” was conducted with
objective to ascertain the extent of current flow in a circuit containing carbon black. The carbon black was collected
from tailpipe of 5000KVA gasoline generator after the gasoline had undergone deflagration. A simple circuit was set
up with the rheostat, voltmeter, ammeter, a 12-volts battery and a fixed resistor value of 2Q. The rheostat was adjusted
to obtain a suitable value of current and potential difference (p.d) which were recorded as I, = 2.14A and V, = 4.24V.
Herein carbon black was connected to the circuit which showed no readable result of current flow. Afterwards 5ml of
dilute H,SO,4 in 15ml syringe was connected in series with the fixed resistor and the reading of current and p.d were
taken as I = 2.13A V, = 4.26V. Thereafter 0.4g mass of carbon black was added to the dilute H,SO, and same mass
subsequently added in until it summed up to 4.0g of carbon black. At each instant of addition of 0.4g of carbon black
the values of current and p.d were recorded. It was found from the results that the addition of the carbon black to dilute
H,SO, solution increased p.d and reduced the current flow. This simply implies that carbon contained in the carbon
black acted as semiconductor at intrinsic state which also resisted the flow of current when doped with dilute H,SO,.
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l. INTRODUCTION

Electrical resistivity (also known as specific electrical resistance or volume resistivity) is an intrinsic property that
quantifies how strongly a given material opposes the flow of electric current. A low resistivity indicates a material that
readily allows the flow of electric current. Resistivity is commonly represented by the Greek letter p (rho). The SI unit
of electrical resistivity is the ohm-metre (Q-m) [1, 11]. Electrical conductivity or specific conductance is the reciprocal
of electrical resistivity, and measures a material's ability to conduct an electric current. It is commonly represented by
the Greek letter ¢ (sigma), but k (kappa) (especially in electrical engineering) or y (gamma) are also occasionally used.
Its S.1 unit is siemens per metre (S/m) [5]. Many resistors and conductors have a uniform cross section with a uniform
flow of electric current, and are made of one material [6]. All copper wires, irrespective of their shape and size, have
approximately the same resistivity, but a long, thin copper wire has a much larger resistance than a thick, short copper
wire. Every material has its own characteristic resistivity — for example, resistivity of rubber is far larger than copper's.
The resistivity can be expressed as:

P=" 1)

The p represents resistivity, R represents resistance, A represents cross section area and L represents the length of the
conducting material [2].

A hydraulic analogy, passing current through a high-resistivity material is like pushing water through a pipe full of
sand while passing current through a low-resistivity material is like pushing water through an empty pipe. If the pipes
are the same size and shape, the pipe full of sand has higher resistance to flow. Resistance, however, is not solely
determined by the presence or absence of sand. It also depends on the length and width of the pipe: short or wide pipes
have lower resistance than narrow or long pipes [10]. The above equation (eqn 1) can be transposed to get Pouillet's
law named after Claude Pouillet:

R=2 @)

Another law that best describes relationship among resistance, current and voltage of an electrical circuit is known as
Ohm’s law represented by:
V=IR i (3)
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A metal consists of a lattice of atoms, each with an outer shell of electrons that freely dissociate from their parent atoms
and travel through the lattice. This is also known as a positive ionic lattice [7]. This sea of dissociable electrons allows
the metal to conduct electric current. In semiconductors the position of the Fermi level is within the band gap,
approximately halfway between the conduction band minimum and valence band maximum for intrinsic
semiconductors. This means that at zero Kelvin (0 K), there are no free conduction electrons, and the resistance is
infinite. However, the resistance continues to decrease as the charge carrier density in the conduction band increases
[3]. In extrinsic (doped) semiconductors, doped atoms increase the majority charge carrier concentration by donating
electrons to the conduction band or producing holes in the valence band. For both types of donor or acceptor atoms,
increasing doping density reduces resistance. Hence, highly doped semiconductors behave metallically [4].

An atom whose valence electron less than four is metallic and conductive; atom with valence electron more than four is
a non-metal and an insulator and an atom whose valence electron is four is a semiconductor. Semiconducting materials
are atoms like Silicon, Germanium and Carbon because they have four valence electrons [9, 12].

Carbon black is virtually pure elemental carbon in the form of colloidal particles that are produced by partial
combustion or thermal decomposition of gaseous or liquid hydrocarbons under controlled conditions [8].

1. MATERIALS AND METHOD

The following were the materials used the research experiment: Voltmeter, Ammeter, 2Q Resistor (Standard),
Rheostat, Battery (12 Volts), Connecting wires, Spatula, Weighing balance, Crucible, Carbon black, Dilute
tetraoxosulphate(vi) acid (H,SO,), Syringe (15ml). The carbon black used in this method was produced and collected
from tailpipe of 5000KVA generator (a gasoline engine) before the circuit was then set up for the experiment. The
ammeter which measures the current flowing through the metallic conductor (conducting material with 2Q) was
connected in series with the conducting material, the rheostat and the battery. A Voltmeter was connected in parallel
with the conducting material and measured p.d across it. Current was allowed to flow in the circuit by pressing down
(closing) the switch. The rheostat was varied to obtain tangible values of current and p.d and their initial values were
recorded as |, and V, respectively. The rheostat was kept constant in the subsequent repetitions.

The carbon black was then first connected in series with the 2Q resistor which showed no readable flow of current on
the ammeter. The circuit was disconnected and afterwards the process was repeated by connecting another material
(syringe containing 5ml of H,SO,) in series with the 2Q material and the values of current and p.d were recorded as I
and V, respectively. Thereafter, 0.4g of the carbon black was added into the syringe containing the 5ml of H,SO,,
properly shacked and connected again in series with the 2Q material. The key was closed and the values of current and
p.d were recorded as | and V respectively. The quantities of carbon black were varied at intervals of 0.4 gram for
another nine repetitions (up to 4.0 gram of carbon black added) and values of | and V recorded. The mixture of carbon
black and dilute H,SO4were labeled X as the results were carefully recorded.

2.1 Experimental Diagram
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Fig. 1: Circuit diagram of experiment to determine electrical resistance before connecting carbon black. Figure 1 and 2
are the circuitry of the experiment before the addition and after the connection of the mixture of carbon black and dilute
H,SO, solution respectively.
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Fig. 2: Circuit diagram of experiment to determine electrical resistance when mixture of carbon black in H,SO, was
connected.

1. RESULTS AND DISCUSSION

The first reading when 2Q (fixed) resistor was connected in series with rheostat (variable resistor) gave initial values of
voltmeter (p.d) reading and Ammeter (current) reading as V, and I,.

V, = 4.24V

l, = 2.14A

As a 12-V battery was used as voltage source, the voltage in the rheostat was found to be: V, = (12-4.24) = 7.76V and
the current in the circuit is 2.14A.

The Resistance (R,) of the rheostat at this reading was determined using Ohm’s relation, V = IR:

Re = Vel

R, =7.76/2.14

Re = 3.66Q

The 3.66Q was set as the standard resistance of rheostat for suitable reading of the p.d and current. This resistance
opposed the flow of current by dropping the voltage from 12V to 4.24V. This is about 65% reduction in voltage of the
battery which allowed only 35% of the voltage to cross the rheostat for suitable ammeter and voltmeter reading.

When only the syringe containing 5ml of H,SO, was connected in series with the 2Q material leaving the rheostat
unvaried, the values of current and p.d were recorded as I and V;. The current values of |, and I are almost the same
with difference of 0.01A.

Iy = 2.13A

V, = 4.26V

Results of the electrical conductivity of carbon black when added to H,SO, were recorded and tabulated against the
mass variation as presented in the table below.

Table 1: Variations of p.d (V,) and current () for mixture of carbon black and dilute H,SO,

Mass, M (g) | Potential Difference, V Current, I (A)
M)
0.4 3.22 1.73
0.8 4.69 1.54
1.2 5.06 1.22
1.6 5.42 1.03
2.0 5.98 0.82
2.4 6.14 0.51
2.8 6.58 0.37
3.2 6.65 0.31
3.6 6.72 0.25
4.0 7.18 0.19

From results in table 1, it was found that as the quantity of carbon black increased by 0.4g in the H,SO, solution there
was increase in potential difference and decrease in current flow. These results showed that the addition of carbon black
(CB) increased the work done by the charge (electron) to move from one end to another end of the conducting wire was
increased thereby making potential difference to increase. The result implies transposing Ohm’s law (egn 3) into:
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This relation simply means that as the resistance (R) of conducting material increased, the potential difference between
the ends of the conducting wire is increased and electric current flow decreased.

pd, VvV, (V)

Current, | [A)
Fig 3: Graph of potential difference (V) versus current (1) of mixture of carbon black in dilute H,SO, solution

The graph in Fig. 1 is a negative graph which implies that the potential difference between the ends of the conducting
material is inversely proportional to current flowing across the circuit. The non linearity of the graph also indicated the
presence of other substances in gasoline apart from carbon and hydrogen that are primarily its constituent substances.
Hence, during the deflagration the other substances are also deposited along with unburned carbon inside the carbon
black. This affects the feature of the results of the experiment as seen in the graph.

V. CONCLUSION

Carbon black from gasoline engine (generator using gasoline) contains unburned carbon substance. This is proven by
the impact of the carbon black on the current flow in the electrical circuit used in this research experiment. In the
results of table 1 and figure 1 it appeared the carbon black affected the flow of current by increasing the potential
difference between the ends of the conducting material and thereby decreased the current flow. The experimental
results also depict that carbon acted as semiconductor because it could not conduct electricity when it was connected to
the circuit until it was mixed with dilute H,SO, solution. Its presence in the mixture of carbon black and dilute H,SO,
affected the flow of current as compared to when only the dilute H2SO4 was connected to the circuit. This indicated
that carbon black resisted the flow of current in the circuit.

V. RECOMMENDATIONS

In electronics study and applications only silicon and germanium are discussed and used disregarding carbon which is
also a semiconductor by theoretical implications. Based on the findings in this research it is therefore recommended
that effective application of carbon should be implemented in electronics. Also, carbon black from gasoline and
generally petroleum should be harnessed for application in electrical and electrical purposes owing that it affects the
flow of current like other resisting materials. Hence further researches should employed in finding the proper electrical
and electronics properties of carbon black.
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