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Abstract Electrical conductivity measurements of green nanofluids prepared from
carbon nanospheres dispersed in 60:40 ethylene glycol and water (60:40 EG/W)
based nanofluids have been studied. In order to investigate the effect of tempera-
ture and volume concentration on the electrical conductivity of the nanofluids, the
temperature was varied from 15 to 60 °C and volume fractions of 0.04, 0.1, 0.12,
and 0.2 vol% were used. The results show that the electrical conductivity is greatly
enhanced with an increase in temperature and volume fraction. The highest enhance-
ment is seen at 0.2 vol% with 1470% increase in electrical conductivity. The high
conductivity enhancement indicates a potential for cooling applications.
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6.1 Introduction

Synthesis of nanoparticles from “green” bio-precursors has environmental advan-
tages over other conventional methods because of their low-costs and low-toxicity
[1, 2]. Nanomaterials synthesized from plants already have their surfaces functional-
ized; an advantage which is absent in synthetic nanomaterials and this enables them
to have better dispersability and stability in base-fluids and subsequently enhanced
properties [3]. A detailed review by Buzea et al. [4] outlines the numerous effects
of nanoparticle exposure on the human body and environment. These effects can be
reduced by investing more into “green” nanotechnology.

A study by Kumar et al. [5] investigated the use of natural sources such as fossil
hydrocarbons, waste natural products and botanical hydrocarbon precursors as a
means of synthesizing carbon nanomaterials and graphene. It was revealed that those
based on fossil hydrocarbon are mostly expensive and not readily accessible. In
addition, a lot of the liquid and gaseous fossil hydrocarbons are explosive or toxic in
nature and are not acceptable due to atmospheric pollution and its negative effect on
human health. On the other hand, carbon nanomaterials derived from carbon based
natural precursors have the advantage of producing scalable amounts, they are safe
to use in the environment, cheap and allows for fast production techniques.

Thermophysical properties offluids are thoseproperties that varywith temperature
and yet do not have any impact on the chemical structure of the fluid. Just like other
thermo-physical properties, electrical conductivity of fluids needs to be enhanced
as this can improve the overall working efficiency of their applications relating to
cooling, such as in proton electron membranes (PEM) [6]. They can also improve
the life span of the electrodes used in metallic cathodes and nozzles [7]. To deal with
emission issues, PEM fuel cells are starting to be used in place of batteries as they are
light-weight, quiet, have exceptional storage density and possess high fuel energy
efficiency [8]. The life span of electrodes is influenced by the electrical conductivity
of the liquids flowing through them.

The concept of electrical conductivity arises from the movement of ions is a
medium. When an electric field is applied to the medium or nanofluids, the central
ion will be attracted and the result is an asymmetric field from a formerly symmetric
field [9].

From Stokes law, the hydrodynamic force needed for the movement of a spherical
body with radius r and a velocity ν through a fluid with viscosity μ is given as [9]:

Fs � 6πμrν (6.1)

For microscopic particles with relatively same size as the base fluid, the hydro-
dynamic drag force on an ion moving under the influence of a chemical potential
gradient is [9]:

−Fd � 6πμriυi (6.2)
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where ri and υi is the radius and velocity of i ion respectively. The Stokes equation
is given as [9]:

Di � kT

6πμri
(6.3)

where k and T are the thermal conductivities and temperatures respectively. When
there is movement of ions in a solution, the local solvent molecules are dragged
along. For electric current to be created in a fluid, the positive and negative ions
move in opposite directions under the influence of an electromagnetic force (e.m.f).
This results in an electrophoretic effect with a countercurrent velocity νe [9]. If the
number of positive ions is denoted as n+ve and the number of negative ions as n−ve

both having drift velocities of ν+ve and ν−ve respectively with charge q+ve and q−ve

respectively, then the current density will be [10]:

J � n+veq+veν+ve − n−veq−veν−ve (6.4)

Equation (6.4) can also be written as:

J � nq2τ f E

m
(6.5)

where τ f , E , andm are the mean free time, electric field and mass respectively. From
Ohms law, the electrical conductivity σ is:

σ � J

E
(6.6)

Combining Eqs. (6.5) and (6.6),

σ � nq2τ f

m
(6.7)

The electrical conductivity in nanofluids can be assumed to be governed by the
number of ions present per unit of volume and their respective drift velocities [10].

From past research [7, 11–14], conclusions can be made that the electrical con-
ductivity of nanofluids depend on temperature, volumetric concentration and particle
diameter. Increasing the volumetric concentration increases the conducting pathway
hence, increasing the electrical conductivity. Similarly, increasing the temperature
of the nanofluids will result in a decrease in viscosity thereby enhancing the mobil-
ity of ions in the nanofluids. In addition, the numbers of ions are increased due to
molecular dissociation, resulting in an enhanced electrical conductivity [11]. The
interface effect was considered by [15] as a factor that could enhance the electrical
conductivity in carbon nanotubes as the electrical conductivity of complex CNTs in
their study decreased rapidly with increasing interfacial layer thickness depending
on the percolation threshold.
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Coconut fibre (CF) is obtained from the pericarp of coconut fruit and a coconut is
made up of 33–35% of husk. Presently, CF are being used as fuel in the processing
of coconut-based products, as a fibre source for manufacturing ropes and mats and
as a fuel for domestic application [16]. To benefit from this plentiful and low-cost
agricultural waste, coconut fibre has been transformed into a carbon nanomaterial in
the present study. The conversion of CF into carbon nanomaterials will function as
an important raw material obtained from agricultural waste as they are bacteria and
fungi resistant. Carbon is a group 14 element that is distributed very widely in nature.
It also has a remarkable ability to bond with several other elements as a result of its
polyvalent properties creating structures with distinct properties. Recent research has
tuned carbon into nanoscale, resulting into carbon nanospheres, carbon nanotubes
and carbon nanofibres. Heptagonal and pentagonal pairing of carbon atoms can result
in the creation of carbon nanospheres. The graphite sheets in nanospheres occur as
waving flakes instead of closed shells which takes the form of the sphere, hence
having several open ends at the surface and establishing carbon nanospheres (CNS)
as suitable materials for catalytic and adsorption application [17].

Laboratory fabrication of carbon nanospheres involve methods such as chemical
vapour deposition (CVD) [18–21], hydrothermal treatment [22], pyrolysis of poly-
mers [23], ultrasonic treatments and chlorination of cobaltocene [24]. Generally,
chemical vapour deposition (CVD) occurs when rare earth metal oxides or metal
oxides are used as catalysts which results in a need for purification of the synthe-
sized carbon spheres in order to get rid of the catalyst. This makes the process limited
to a small scale [25]. Various sources of biomass are being used for the production of
nanomaterials derived from carbon [26, 27] because of their low toxicity and avail-
ability. These biomasses are often first carbonized, and then activated before being
converted to carbon nanomaterials using different methods [28–33]. The method of
activation used can either be physical (thermal), chemical or a combination of both
physical and chemical processes [16]. The physical process involves the use of CO2,
steam or air and takes place at higher temperatures while the chemical process which
is one-step, takes place at lower temperatures and involves the co-carbonization of a
parent feedstock with a suitable chemical compound.

To the best of the authors’ knowledge, there has been no study carried out on
the behavior of electrical conductivity of green nanofluids from coconut fibre based
nanospheres. In this study, the authors present the results from the dispersion of
already synthesized carbon nanospheres from coconut fibre in 60:40 ethylene gly-
col/water (EG/W) andfinally electrical conductivitymeasurements. The effect of vol-
ume concentration and temperature on the electrical conductivity was also reported.
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6.2 Experimental Method

6.2.1 Materials and Stable Nanofluid Preparation

Nanoparticles used in this study were synthesized from coconut fibre. They were
first carbonized followed by physical activation in the presence of CO2 and then
treated with ethanol vapour at 800 °C. The procedure is outlined in our previous
study of the synthesis procedure in [34]. A known weight of the nanoparticles were
measured using a digital weight balance (RADWAGmodel: AS 220. R2 Max: 220 g
Min: 10 mg) and dispersed in 60:40 EG/W (Merck (Pty) Ltd.), gum arabic (GA)
acquired from Fluka Analytical and deionized water was used for the nanofluid
preparation. The nanotubeswere dispersed in a basefluid consisting of 60:40%EG/W
in the volume fractions of 0.04, 0.1, 0.12 and 0.2% respectively. The mixture of the
nanoparticles, GA and 60:40 ethylene glycol/water (EG/W) was magnetically stirred
using a hotplate stirrer (Lasec from Benchmark Scientific Inc., model-H4000-HSE)
and sonicatedwith a 20 kHz, 700W,QSonica ultrasonic processor. The nanofluidwas
kept in a programmable temperature bath (LAUDAECORE1225 Silver temperature
bath) the whole time of sonication and the temperature maintained at 15 °C.

The nanospheres are in the size range of 10–150 nm and the size with the high-
est occurrence is 60–89 nm. From Fig. 6.1, nanospheres of diameter in the range
60–89 nm constituted almost 50% (48.5%) while nanospheres of diameter 30–59 nm
constituted 41%. This shows uniformity in the size range of the nanospheres. The par-
ticle size distribution and morphology of the green nanoparticles is given in Fig. 6.1.
The morphology indicates smooth round nanospheres with some degree of aggre-
gation due to strong Van der Waals forces. These aggregates can lead to reduced
stability and electrical conductivity, hence the need to break the agglomerates.

6.2.2 Measurement of Electrical Conductivity

CON700 conductivity meter was used to measure electrical conductivity (EUTECH
instruments). The CON700 conductivity meter is comprised of an electrode with a
nominal cell constant of k�1.0, built-in temperature sensor, and 1m cable. The elec-
trode design offers fast temperature response and reduces air entrapment, ensuring
accurate, repeatable, and stable readings. Measurements were taken at temperatures
ranging from 15–60 °C at 5 °C intervals. This temperature control was done using
a temperature control bath. The conductivity meter was initially calibrated at room
temperature with a 1413 μS standard fluid from the supplier.
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Fig. 6.1 Nanosphere
particle size distribution

6.3 Results and Discussion

6.3.1 XRD and Stability of Nanofluid

The graphitization and crystallinity of the synthesized nanospheres is studied through
XRD analysis. Figure 6.2 is the XRD results which shows two Bragg diffraction
peaks at 30.34° and 50.44°. These peaks can be assigned to typical graphite (003)
and (101) planes [35]. The d-spacing calculated is 0.342 nmwhich is close to graphite
3R given as 0.340 nm. The broadening peaks suggest a low graphitization degree
and the possibility of the presence of amorphous carbon. These results fall in the
range of values from authors [36] and [37] with d-spacing of 0.33 nm and 0.36 nm
respectively. No other peaks are visible in the XRD pattern, which could be due to
the high purity of the product.
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Fig. 6.2 XRD pattern of
carbon nanospheres
synthesized at 1100 °C

Fig. 6.3 EDX of CNS

Figure 6.3 confirms the purity of the material with a well-defined presence of
carbon (98.59%) with a trace of oxygen and potassium.

The stability of the green nanofluids was determined by observing the viscosity
at a constant temperature (20 °C) for 720 min. Figure 6.4 is the result of the observa-
tion from stability of nanofluids which shows that the viscosity values were hardly
changed for the whole duration. This is an indication that the fluids were stable for
more than 720 min which is more than sufficient time to take the electrical conduc-
tivity measurements. It was therefore determined that a ratio of 1:3.5 CNS/GA gave
a good stability and this ratio was maintained throughout this study.

6.3.2 Electrical Conductivity Evaluation

Temperature effects on the electrical conductivity of prepared green nanofluids from
coconut fibre nanosphere are shown in Fig. 6.5. The results indicate the dependence
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Fig. 6.4 Stability test using
viscosity at a constant
temperature for 720 min

Fig. 6.5 Electrical
conductivity at different
temperatures for different
volume concentrations

of electrical conductivity on temperature. From Fig. 6.6 the effect of the nanosphere
volume concentration on the electrical conductivity is reported. The result reveals that
an increase in the nanosphere loading impacted greatly on the electrical conductivity
as this led to a change in the ionic configuration [38].

At 0.2% volume fraction, the highest electrical conductivity was observed at all
temperatures. This is in line with results from recent studies on nanofluids electrical
conductivity [38]. With an increase in particle volume concentration, the availability
of conducting pathways is increased in the nanofluids consequently leading to a rise
in electrical conductivity.

The electrophoretic mobility in nanofluids is also increased when it is stable
thereby reducing equivalent particulate masses resulting in an increased electrical
conductivity [12]. It is therefore safe to say increasing the temperature of nanofluids
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Fig. 6.6 Electric
conductivity at various mass
fractions

Fig. 6.7 Electrical
conductivity enhancements
at various temperatures for
different volume
concentrations

reduces the equivalent particulate masses and increases the electrophoretic mobility.
The enhancement in electrical conductivity was calculated based on Eq. 6.3 [13]:

σn f − σb f

σb f
× 100 (6.8)

where σn f is the nanofluids electrical conductivity and σb f is the base fluid electri-
cal conductivity. From Figs. 6.7 and 6.8, the percentage enhancement in electrical
conductivity increases with an increase in temperature and volume fraction. At 0.04
vol% an enhancement of about 100% is seen while an enhancement of 1470% is
observed at 55 °C for 0.2 vol%.
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Fig. 6.8 Electrical
conductivity enhancement at
different volume fractions

6.4 Conclusion

This study presents the results on the electrical conductivity behavior of green
nanospheres synthesized from coconut fibre dispersed in 60:40 EG/W and 1:3.5
nanosphere/GA. The measurement of electrical conductivity was varied with vol-
ume concentration and temperature. The results obtained show an improved elec-
trical conductivity with increase in temperature and volume concentration. At 0.2
vol%, a maximum electrical conductivity of 1470%was achieved at a temperature of
55 °C. The results presented show the potentials of carbon nanosphere-based green
nanofluids as heat transfer fluid for cooling applications. Due to its less toxic nature,
it can also be used in applications where human contact is required.
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