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ABSTRACT: For solar thermal applications, a novel idea is to employ directly
radiation-absorbing working fluids to completely replace metallic receiver
tubes. Advances in nanotechnology has enabled development of nanofluids,
an optimized mix of nanoparticles (NPs) and a base fluid, which can absorb a
large proportion of the solar spectrum. A nanofluid comprising of carbon NPs
in ethylene glycol has been synthesized for solar thermal applications. The
method of preparation and sonication conditions have been studied to
evaluate their effect on nanofluid stability and its solar absorptivity. Nanofluid
with a NP concentration of 40-300 mg/l was synthesized by adding a surfactant
(Sodium dodecyl sulfate) and carbon NPs (<100 nm) in ethylene glycol
followed by sonication for different durations (up to 60 min). Transmittance of
the nanofluid was measured using UV-vis spectrophotometer after preparation
and at pre-determined time intervals to evaluate the effect of sonication
duration. Solar absorptivity of nanofluid was found to increase with increasing
NP concentration. Sonication time of 60 min was found to be sufficient to form
a uniform suspension with low transmittance (and therefore, high absorptivity).
Continuous stirring maintained the nanofluid optical performance for longer
durations with negligible changes in solar absorptivity. The optimal conditions
for synthesizing a stable nanofluid for longer durations have been identified
and are described here.

KEYWORDS: Carbon, Nanofluid, Nanoparticles, Solar absorptivity, Solar thermal
concentrators.

INTRODUCTION

Climate change is one of the biggest existential threat to our society. Greenhouse gas
emissions are leading to an increase in global temperatures and in the long term, can induce
catastrophic effects [1]. There is an immediate need to reduce the dependence on
unsustainable resources such as coal and petroleum. Solar energy is a promising renewable
and sustainable option with various applications including electricity generation,
desalination, and thermal applications [2]. The total amount of solar energy on earth is very
high but distributed over a large area and intermittent in nature. Hence, efficient solar
radiation collection and storage are essential components for solar thermal applications.
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The two main components of the solar collection include a heat transfer fluid and solar
thermal concentrator. The heat transfer fluid can be innovated to directly absorb the incident
solar radiation to completely substitute for selectivity coated metallic receivers. Significant
advances have been made in developing novel designs of solar thermal concentrators which
focus the solar radiation with high concentration ratio [2]. These use ethylene glycol,
Therminol VP-1 (special formulation of diphenyl oxide and biphenyl) and, molten salts, etc.
as working fluids passing through a selectively coated metallic receiver. However, they lack
the absorption capacity for the solar radiation and therefore can’t be used directly for solar
thermal applications [3]. Addition of NPs (1-100 nm) to these fluids to form a uniform
suspension, also called ‘nanofluid’, can significantly enhance (by upto 7 orders of
magnitude) the fluids’ solar energy absorption capability and therefore, the use of nanofluids
holds potential in solar thermal applications [3, 4]. Optimizing the nanofluid properties and
stability so that it absorbs solar radiation across a broad spectrum of wavelength, especially
in the visible and near infrared range (300-2500 nm), is an essential step to develop a new
class of directly absorbing solar collectors [5, 6]. Developing robust protocols for nanofluid
synthesis which will ensure long-term stability of such nanofluids is, therefore, a key step for
its wider application in thermal applications [7—11].

In this study, we have used carbon NPs (<100 nm) and ethylene glycol based nanofluid
which show excellent absorption spectra in the visible and near infrared range [4]. The main
objective of this study is to identify optimal conditions for maintaining stability of nanofluid
over a prolonged duration of use. We have studied the effects of NP concentration and
duration of sonication on nanofluid properties. Our results highlight the importance of these
parameters when synthesizing carbon NPs based nanofluids for solar thermal applications.

1. MATERIAL AND METHODS
1.1 Synthesis of nanofluid

Carbon NPs (Sigma-Aldrich) were weighed (40-300 mg/l) and added to ethylene glycol
(Sigma-Aldrich) the base fluid. A non-ionic surfactant, 0.1% (wt/vol) sodium dodecyl
sulphate (Sigma-Aldrich) was also added to the mixture. The mixture was suspended using
a bath-type sonicator for different durations (30 and 60 minutes).

1.2 UV=Vis characterization

The nanofluid was characterized at various time points after synthesis using a UV-Vis
spectrophotometer. The samples were enclosed in a Suprasil quartz cuvette with a path
length of 1 cm. Measurements were taken over the 320-1000 nm range. Transmittance
spectra of the pure base fluid (ethylene glycol) was also measured for reference.

2. RESULTS AND DISCUSSIONS

The methodology for synthesis of nanofluid involves two step process [6]. First, the NPs are
prepared as dry powders and in the second step, they are dispersed in the base fluid with
aid of ultrasonic agitation. This is the most widely used and economical method for nanofluid
synthesis. To further increase the stability of the nanofluid suspension, surfactant is added
to improve the dispersibility of NPs [6]. Despite its simplicity, there are various parameters
which can affect agglomeration of NPs. This can lead to precipitation of the NPs and result
in reduction in absorbance of the nanofluid as well as clogging of pipes, etc. Hence, to
identify the important aspects of nanofluid synthesis and storage, we varied several
parameters and measured nanofluid stability using spectral absorbance analysis. An outline
of the overall experimental strategy and different variables is shown in Figure 1.
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Figure 1: Outline of experiments used to assess nanofluid stability for long-term storage

Ethylene glycol is commonly used as a base fluid for solar thermal applications. The
transmittance spectra for ethylene glycol is shown in Figure 2.
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Figure 2: Spectral analysis of pure ethylene glycol

The range of wavelength chosen covers the visible and near infrared region (NIR) which
accounts for more than 80% of the solar energy. It is observed that ethylene glycol has very
high transmittance, hence very low absorbance.

2.1 Effect of nanoparticle concentration on nanofluid spectral transmittance

We next studied the effects of NP concentration on the absorption properties of nanofluid.
We observed a concentration dependent exponential decline in transmittance (and hence,
an increase in absorbance) of nanofluid (Figure 3b). It is important to note that increasing
the concentration of NP beyond 100 mg/L does not improve the absorption by a significant
factor. Hence, we chose 100 mg/l concentration for rest of the experiments in this study.
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Figure 3: Spectral properties of nanofluids synthesized. a) Spectral transmittance measured
over a spectral wavelength of 320 nm to 1000 nm. b) Average transmittance measured over
the spectral region against concentration.

2.2 Effect of sonication duration on spectral properties of nanofluid
The effect of sonication duration on nanofluid stability was studied. It was observed that 60
minutes of sonication led to a lower transmittance suggesting that increasing the sonication

duration leads to more efficient dispersion of NPs (Figure 4).
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Figure 4: Sonication duration improves nanofluid properties. Spectral transmittance of
nanofluid after sonication for 30 minutes and 60 minutes.

2.3 Long term stability of nanofluid with continuous stirring

We next studied the long-term effects of storage of nanofluid on nanofluid properties with

continuous stirring. We observed negligible effects due to storage even after 7 days (Figure
5).
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Figure 5: Nanofluid storage for longer duration. Spectral transmittance curves for nanofluid
stored for different duration is shown.

CONCLUSION

This study has described the synthesis of carbon NPs- ethylene glycol nanofluids and
measured the role of various synthesis conditions on nanofluids’ optical performance
parameters An exponential relationship between nanoparticle concentration and average
transmittance was observed, which can be used to design nanofluid with desired spectral
properties. A longer sonication duration was found to improve nanofluid properties (low
transmittance). Finally, continuous stirring has been shown to aid in maintaining long term
stability of nanofluids. The optimal conditions identified in this study are being employed to
synthesize carbon NPs based nanofluids for solar thermal applications. Future studies
will aim at evaluating the effectiveness of the developed nanofluids as working fluids in solar
thermal collectors delivering heat at up to 300 °C.
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