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Nanofluids based on carbon nanomaterials for direct absorption solar
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In this work the results of an experimental study of nanofluids based on various carbon nanomaterials (carbon
nanoparticles, carbon nanotubes and graphene nanoparticles) for use in direct absorption solar collectors were

obtained. Analysis of optical properties showed that the studied nanofluids are effective absorbers of sunlight.

Compared with other nanofluids, nanofluid based on carbon nanoparticles showed the highest light absorption

capacity, thermal conductivity value and the lowest viscosity, which makes it most promising for use as a working

fluid in direct absorption solar collectors.
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The use of solar energy is one of the main approaches to

”
green“ energy. Direct absorption solar collectors (DASCs),
which harvest solar energy, convert it into heat, and

transport it in coolant fluids [1], are of great interest in this

regard. Water, ethylene glycol, paraffins, or oils may be used

as a base liquid in this context. The addition of nanoparticles

to the base fluid allows one to alter and tune the properties

of the resulting nanofluid. Nanofluids based on carbon

nanostructures attract much attention due to their profound

capacity for absorption of light. Nanofluids with carbon

nanoparticles, multi-walled carbon nanotubes, graphene,

or graphene oxide raise the efficiency of DASC systems,

have a higher thermal conductivity, and reach higher

temperatures under illumination, although the viscosity of

the studied nanofluid also increases [2–5]. A considerable

number of studies focused on nanofluids based on various

carbon nanostructures have already been published, but

experimental data on a direct comparison of nanofluids

with different types of carbon nanomaterials are virtually

lacking at the moment. In the present study, we report

the results of examination of nanofluids based on different

carbon nanomaterials: spherical carbon nanoparticles, multi-

walled carbon nanotubes, and graphene flakes.

An electric arc reactor was used to produce carbon

nanomaterials. An electric arc discharge in this reactor

induced congruent evaporation of a composite electrode,

triggering the formation of a heterogeneous gas-plasma

system that propagated in the reactor chamber. The

processes of mixing with a buffer gas, cooling of the

mixture, and interaction of its components with each other

potentially initiated chemical reactions and condensation

of vapors into clusters (nanoparticle nuclei), which then

grew into nanoparticles of a certain size. The produced

material was deposited from the gas phase onto a screen for

collection of synthesis products. A solid graphite electrode

with a diameter of 8mm and a length of 80mm was used to

form spherical carbon nanoparticles (CNPs) in the present

study. Helium under a pressure of 3 Torr served as the

buffer gas. The current strength of the electric arc discharge

was 100Ȧ. Transmission electron microscopy (TEM) images

revealed that the obtained carbon nanoparticles have an

approximately spherical shape and are grouped into chain

clusters (Fig. 1, a) [5]. It was found after statistical

processing that the average particle diameter is 14 nm.

Graphene flakes (graphene) were also produced in the

electric arc reactor via sputtering of a composite electrode (a
graphite rod with silicon powder). Helium under a pressure

of 12 Torr served as the buffer gas. The current strength

was 100A. Our previous experiments have demonstrated

that multilayer graphene flakes form at these process

parameters [6]. The produced flakes have an average lateral

size of 50 nm, and the number of sheets ranges from 1

to 7 (Fig. 1, b). Commercial multi-walled carbon nanotubes

(CNTs) (Kaina Carbon New Material Co, Ltd, China) with

an average diameter of 30 nm were also used (Fig. 1, c).

Nanofluids were prepared by stabilizing the obtained

nanoparticles in a base fluid. Ultrapure water produced

using a Millipore Direct-Q3 UV water purification system

served as the base fluid. A surfactant (sodium dodecyl

sulfate, SDS; Helicon, Russia) in a mass concentration of

1% was added to all samples in order to stabilize carbon

materials. The mass concentration of carbon materials was

0.01% in each sample. A mixture of water, surfactant,

and carbon nanoparticles was processed in a Stegler 6DT

ultrasonic bath (frequency, 40 kHz; power, 180W) for 3 h.

This processing resulted in disintegration of agglomerates

of carbon structures and their stabilization in the base

liquid [7].

Transmission spectra of the prepared nanofluids were

studied using an SF-2000 (OKB Spektr, Russia) spec-
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Figure 1. TEM images of carbon nanoparticles (a), graphene flakes (b), and multi-walled carbon nanotubes (c).
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Figure 2. Extinction index spectra of nanofluids.

trometer within the 190−1100 nm wavelength range. The

obtained data allowed us to plot the extinction index spectra

of nanofluids (Fig. 2, a) and calculate the specific power of

solar radiation absorbed by a nanofluid layer:

P =

∫

3

Isolar(λ)(1− e−k(λ)x)dλ,

where Isolar(λ) is the intensity of the solar spectrum at

wavelength λ [8], 3 is the examined spectral range, k(λ) is

the nanofluid extinction index, and x is the nanofluid layer

thickness, which was set to 25mm (close to the tube

diameter in common commercial solar collectors).

The power of solar radiation on the surface of the Earth

within the 190−1100 nm wavelength range is estimated at

772W/m2 [8]. According to calculated data, water in this

system has the capacity to absorb 29W/m2, and water with

SDS may absorb 37W/m2. The studied nanofluids with

carbon nanostructures have similar levels of absorbed en-

ergy; however, the highest value of 750W/m2 corresponds

to the nanofluid based on spherical carbon nanoparticles,

while nanofluids based on multi-walled carbon nanotubes

and graphene flakes absorb 732 and 723W/m2, respec-

tively.

The thermal conductivity of nanofluids was measured by

the transient hot-wire method with an instrument discussed
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Figure 3. Relative values of the absorbed light power (Prel), thermal conductivity coefficient (krel = kn f /kwater ), and viscosity

(µrel = µn f /µwater ) of the examined nanofluids (n f ).

in detail in [9]. Viscosity measurements were performed

using a Fungilab Expert L rotational viscometer. Figure 3

presents a summary of experimental data on the relative

values of absorbed light power, thermal conductivity, and

viscosity for nanofluids based on carbon nanoparticles,

graphene nanoparticles, and carbon nanotubes. The results

for water and a water solution with a mass SDS content

of 1% are shown for comparison. Although SDS is one

of the most widespread stabilizers of carbon nanoparticles

in water-based nanofluids [10], its use leads to a reduction

in thermal conductivity of water and an increase in vis-

cosity. The CNP-based nanofluid have the highest energy

absorption capacity and thermal conductivity among the

nanofluids studied, and its relative viscosity is lower than

the one of the aqueous SDS solution. The CNT-based

nanofluid has the capacity to absorb a greater amount of

solar energy and has a lower viscosity than the graphene-

based nanofluid, but its thermal conductivity is lower than

that of the other examined nanofluids and does not exceed

the thermal conductivity of the aqueous SDS solution. It

follows from a comparison of the obtained results that the

nanofluid based on carbon nanoparticles is the one most

suited for use in a DASC.
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