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ABSTRACT 

 
Deep eutectic solvents (DESs) have attracted much attention in the field of catalysis, electrochemistry, and 

material chemistry due to their low cost, stability, and environmental friendliness. The low vapour, less 

volatile, and wide liquid range features of DESs prompted us to investigate their use in heat transfer, 

particularly as a base solvent for nanofluids. In this review paper, the method for preparation and stability of 

deep eutectic solvent based nanofluid have been presented. This paper also highlights the DES preparation 

method, which includes the characteristics of the materials used and advantages. Moreover, the effect of the 

nanofluid preparation method and the material properties of the DES towards the stability of the nanofluid 

was also highlighted. 
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INTRODUCTION 

 

A heat transfer fluid (HTF) is a liquid used to transport heat from one part of a system to 

another, commonly found in heating, cooling, and energy systems. It enables efficient 

thermal energy transfer, allowing a single heat source to serve multiple cold streams. HTFs 

are essential in applications like moving heat from solar collectors to the point of use, with 

pressurized water sometimes used for lower-temperature processes (Häberle & Krüger, 

2021). In 1995, Choi and Eastman proposed using nanoparticles to improve heat transfer of 

base liquids. Nanofluids are fluids engineered by suspending metal or non-metal oxide 

nanoparticles (1–100 nm) in a base fluid. Nanofluids have greatly improved thermal 

management, particularly in cooling systems for electronics and data centers (Sofiah et al., 

2021). However, inconsistent thermophysical properties have been reported due to factors 

like preparation methods, base fluid types, and nanoparticle shapes.  

 

Deep eutectic solvents (DESs) are mixtures of solvents with melting points lower than those 

of their individual components. They are inexpensive, less harmful, and recyclable, making 

them popular as green solvents in organic synthesis, catalysis, extractions, and membrane 

production. DESs are formed by the complexation of halide salts with cations like 

quaternary ammonium, phosphonium, or choline (Rajasekharan et al., 2023). 

 

This paper attempts to explore the potential of DES based nanofluid in heat transfer 

applications and as a replacement for conventional HTF. This would provide more research 

opportunities for the scientific community to work on DES for future applications. The 

novelty of this research is the studies of DES in the field of heat transfer, which can be 
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utilized to overcome the limitations of traditional heat transfer such as high vapor pressure, 

low thermal stability, low chemical stability, oxidation, and corrosion.  

 

MATERIALS AND METHODS 

 

Preparation of Nanofluid 

 

Nanofluids are made by suspending nanoparticles in base fluids like water or ethylene 

glycol. Two methods are used for their preparation: a one-step process where nanoparticle 

synthesis and dispersion occur simultaneously, reducing agglomeration and increasing 

stability, and a two-step process where nanoparticles (like nanorods or nanotubes) are first 

created using techniques like sol-gel or hydrothermal synthesis. The sol-gel method is used 

for nanoparticles with a high surface area due to its precise control over particle surface 

characteristics (H. Ali et al., 2018). 

 

Deep eutectic solvent is being prepared using heating and stirring method which involves 

mixing of individual components with or without known amount of water followed by 

heating in water bath or can be done on a hot plate (50–100 °C) until a clear homogenous 

liquid is obtained (Negi et al., 2024). Several DESs were created by combining quaternary 

ammonium salts such as choline chloride (ChCl), which functions as a hydrogen bond 

acceptor, whereas carboxylic acids, urea, amides, and alcohols which act as hydrogen bond 

donors (Si & Misra, 2020). 

 

Materials 

 

Different types of hydrogen bond donor and hydrogen bond receiver are used to make deep 

eutectic solvent, and the stability is shown in Table 1. 

 
Table 1. Stability of various deep eutectic solvents 

Deep Eutectic 

Solvent 

Nanoparticles Method Stability Result Reference 

Methyltriphenylph

osphonium 

bromide (MTPB) + 

ethylene glycol 

Multi-Walled 

Carbon 

Nanotubes 

(MWCNT) 

Two step 

method 

Visual 

observation 

Stable till 15-20 

days 

(Kumar Das 

et al., 2022) 

Zeta potential 

measurement 

-90.12 mV 

Optical 

microscopy 

Nanoparticles 

are uniformly 

distributed 

Phosphonium 

halide/ammonium 

halide + ethylene 

glycol 

(EG)/triethylene 

glycol (TEG) 

Carbon 

Nanotube (CNT) 

Two step 

method 

Visual 

Observation 

-stable up to 4 

days with 

phosphonium 

based DES 

- stable up to 

few hours with 

pure EG and 

TEG only 

(Chen et al., 

2017) 

UV 

spectroscopy 

Concentration 

of CNT 

decrease 
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Choline chloride 

(ChCl) + ethylene 

glycol (EG) 

Magnesium 

Oxide (MgO) 

Two step 

method 

Dynamic light 

Scattering 

(DLS) 

Uni-Modal and 

narrow curves 

in ChCl:EG 

(1:5) nanofluid 

(Jafari et al., 

2022) 

 

RESULTS AND DISCUSSION 

 

Adsorption Capacity of Powdered Clinoptilolite 

 

The combination of MTPB salt and EG as the hydrogen bond donor (HBD), with MWCNTs 

as the dispersed nanoparticles showed excellent stability, up to 15–20 days and a zeta 

potential of -90.12 mV. Over time, the dispersion stability decreased as sedimentation and 

aggregation occurred (Kumar Das et al., 2022). 

 

A unimodal size distribution curve with a narrow peak, indicating good stability of ChCl/EG 

nanofluid. Notably, the suspension of MgO nanoparticles in DES ChCl:EG (1:5) exhibited 

better dispersion compared to other formulations, demonstrating enhanced stability and 

uniformity within the medium (Chen et al., 2017). 

 

Furthermore, phosphonium and ammonium halide salts and carbon nanotubes (CNTs) as the 

nanoparticles create a stable nanofluid, tested using both visual observation and UV 

spectroscopy. The qualitative assessment revealed that from day 1 to day 22, sedimentation 

of CNTs resulted in the formation of loose aggregates. Quantitatively, UV spectroscopy 

indicated a decreasing concentration of CNTs in the nanofluid over time, highlighting a loss 

of dispersion stability as sedimentation progressed (Jafari et al., 2022). 

 

The two-step process is always utilised to manufacture nanofluid since it is the most cost-

effective method for large-scale preparation. The two-step process generates nanoparticles 

in a variety of ways before distributing them into the base liquid to create the needed 

nanofluid. This production technology is both economical and massive. The main downside 

of the two-step technique is that nanoparticles tend to agglomerate. Surfactants are used to 

decrease instability. This is the commercial way of producing nanofluid. Most researchers 

prefer this approach of preparing nanofluid for research (A. R. I. Ali & Salam, 2020). 
 

CONCLUSION 

 

In conclusion, deep eutectic solvents (DES) derived from choline chloride and ethylene 

glycol with MgO nanoparticles demonstrate superior dispersion stability, characterized by 

a unimodal size distribution. In contrast, the combination of MTPB salt and ethylene glycol 

with MWCNTs initially shows stability, indicated by a zeta potential of -90.12 mV, but 

experiences sedimentation and aggregation over time. Similarly, formulations with 

phosphonium and ammonium halide salts and CNTs reveal a decline in dispersion stability, 

leading to sedimentation over 22 days. The unique properties of nanofluids and DES enable 

their significant roles in various industries; nanofluids enhance thermal conductivity and 

heat transfer for applications in cooling systems, automotive technologies, and 

nanomedicine, while DES offer environmentally friendly solutions for extraction, 

electrochemistry, and catalysis. Together, these materials contribute to advancements in 

technology and sustainability across diverse fields. 
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