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There are two different ways of preparing nanofluids categorized in a one-step process and a two-step process.

The origin of the word “nanofluid” is connected with the work by Choi et al. back in 1995, where they researched

enhancement of thermal conductivity of fluids mixed with nanoparticles, determined the direction of further

research, described the theoretical study of these fluids, and set potential benefits of nanofluids. From that point,

the number of scientific papers that deal with nanofluids has been exponentially increasing. 

nanofluid

1. One-Step Method

In a one-step process of preparation of nanofluids, the formation and dispersion of nanoparticles are simultaneous

. This method avoids the process of transportation, storage, drying, and dispersion of nanoparticles to decrease a

measure of agglomeration of nanoparticles and to increase the stability of nanofluids . One of the one-step

preparation methods is a vapor deposition. This method was patented by Choi and Eastman in 2001 . The

principle consists in the formation of a thin layer of a base fluid on a vessel wall caused by a centrifugal force of a

rotating disk. The material is then heated and evaporated in the vessel filled with an inert gas at a low pressure.

The creation of nanofluid is finished when the raw material vapors condense by interacting with the thin film of

swirling water and finally settle in the base fluid . The second possible one-step method is the laser ablation

where a highly concentrated laser beam is used for dispersion of nanoparticles from the surface of a material

immersed in a base fluid. Important properties are the intensity and the wavelength of the laser beam . There

are more possible preparation methods using the one-step process such as the submerged arc method,

precipitation (ion exchange) method, chemical reduction method, emulsion polymerization, sol-gel (hydrolysis)

method, or microwave-assisted reaction . The submerged arc nanoparticle synthesis system is an efficient

one-step method to prepare nanofluids based on dielectric liquids containing copper nanoparticles .

2. Two-Step Method

In the first phase of the two-step method, nanoparticles (nanorods, nanofibers, or nanotubes) are first prepared by

sol-gel method, hydrothermal synthesis, or by other techniques . The sol-gel method is used for nanoparticles

with high surface area and provides effective control over the texture and surface properties of nanoparticles.

There are five main steps of this method starting with hydrolysis and then polycondensation, ageing, drying, and

thermal decomposition . According to , hydrothermal synthesis refers to the “heterogeneous reactions

for synthesizing inorganic materials in aqueous media above ambient temperature and pressure” and the
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advantage of this method is the low energy consumption, the low-temperature processes, and the environmental

impact. However, the high price of the needed autoclaves may be considered as a potential drawback . The

second step of the two-step method is the preparation of nanofluids using mostly ultrasonication (the bath and

probe ultrasonication are of remarkably different effectivity), magnetic stirring, adjusting pH value (addition of a

dispersant in Figure 3), or a combination of these processes . Ultrasonication enhances performance, stability,

thermophysical properties and prevents aggregation and sedimentation of nanoparticles in nanofluid, but the ideal

duration of sonication is the point of research of many authors . Magnetic stirring is used for

dispersion of nanoparticles with a low concentration by the stirring action made by a stir bar that spins very quickly

because of a rotating magnetic field created by the set of rotating magnets or electromagnets .

Figure 3. A simple illustration of the two-step method of preparing nanofluids. Inset photographs are from the

authors archive.

Selecting a particular method, additives and timing within the applied methods are very important to make a

nanofluid with excellent properties without sedimentation and agglomeration of nanoparticles. A more accurate

description of preparation methods of eleven different nanoparticles is in the reference .

To compare the two preparation methods, one can state that the two-step method is more economic in production

of nanofluids in a larger scale and it is used most widely. However, without modifying the nanoparticle surface, the

tendency to agglomerate before adding to the base liquid is considered as a major disadvantage of the two-step

method. On the other hand, the one-step method cannot be effectively used to synthesize nanofluids in a large

scale, but this method can yield uniformly and stably dispersed nanoparticles.

3. Stability of Nanofluids
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The stability of nanofluids is of crucial importance because the sedimentation and agglomeration of nanoparticles

in the base fluid cause deterioration of thermophysical properties, mainly a decrease of thermal conductivity and

increase of viscosity . Because of these facts, examination of stability is an important part of research and

there are several methods to analyze the stability of synthesized nanofluids. The most applied methods to study

the stability are a zeta potential test, a sedimentation method (photograph capturing method), ultraviolet-visible

spectrophotometer and dynamic light scattering .

3.1. Zeta Potential Method

The Zeta potential (ζ-potential) method is the most used method to examine the stability of nanofluids. It can be

defined as the potential difference between the stationary layer of base fluid which is attached to nanoparticles and

the surface of nanoparticles . It indicates the degree of repulsion between charged particles in the fluid and it

can be calculated by the Helmholtz–Smoluchowski equation :

ζ = μU/ε (1)

where U is electrophoretic mobility, µ is viscosity, and ε is the dielectric constant of the base liquid. If the value of

Zeta potential is over 60 mV, a nanofluid has an excellent stability, between 60 and 40 mV it has a good stability,

between 40 and 30 mV the nanofluid is considered as stable, and below 30 mV it is considered as highly

agglomerative . Because of repulsive forces, the Zeta potential can be controlled over pH value . A

change of pH influences the surface charge on nanoparticles and modifies their interaction behavior . If the pH

of the nanofluid has low values, the Zeta potential will be positive. On the other hand, with higher pH values, the

Zeta potential will be in negative values. The point when a pH value corresponds to zero Zeta potential is called the

isoelectric point, when nanofluids are least stable, so stability rises in the positive or negative direction from that

point . Measurements of the Zeta potential are the most often performed by a Zeta Sizer Nano (ZSN) device 

.

3.2. Sedimentation Method (Photograph Capturing Method)

The sedimentation method is the simplest option of measuring the stability of nanofluids qualitatively, by observing

photographs taken in different periods . Owing to external forces (gravitation), the nanoparticles settle on the

bottom of the fluid in a clear glass test tubes that can be observed by comparing photographs taken at different

times . In an unstable nanofluid there are three ways of sedimentation. The first one is a dispersed

sedimentation where the height of a sediment rises from the bottom. The second one is a flocculated

sedimentation where the sedimentation is lowered with time, and the last one is a mixed sedimentation where the

behavior of both previous cases is observed at the same time . The most significant impact on

sedimentation has the concentration of nanoparticles and properties of the base fluid .

3.3. Ultraviolet-Visible Spectrophotometer

The ultraviolet-visible spectrophotometer is commonly used for the quantitative characterization of the colloidal

stability of the dispersions . One of the major advantages of this method is its suitability for all base fluids
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because its functioning is about the intensity of the light that becomes different because of lights scattering and

absorption when passing through the fluid . According to  and , the range of UV–visible

spectrophotometer is from 200 to 900 nm wavelengths and basically, it measures various dispersions in the fluid.

The stability is determined by the dispersion of nanoparticles in different time results .

3.4. Dynamic Light Scattering

Dynamic light scattering is a suitable method for measuring mainly spherical particles and the most significant

advantage is that this method does not need drying of the dispersion (some dispersants are difficult to remove) 

. A simple description of this method is that a source of monochromatic light shines on the sample and a

detector collects the scattered light signals . There is a need to know the refractive index and viscosity of a

measured base liquid, and the measurement output is a signal that shows random changes due to the randomly

changing relative position of the particles due to the random Brownian motion. Size as the final output is calculated

by the Stokes–Einstein equation .

4. Structural Characterization of Nanofluids

The essential parameters determining the physical properties of nanofluids are the nanoparticle size distribution,

morphology, crystal structure, and elemental composition. Several techniques can be used to characterize

nanoparticles from these points of view. In this chapter we mention just a few techniques.

4.1. Transmission Electron Microscopy (TEM) and Scanning Electron Microscopy
(SEM)

These methods have evolved over many years into a highly sophisticated instrument and have found different

applications across many scientific disciplines, because of their excellent ability to distinguish the shape, size, and

distribution of nanoparticles . In , the methodology of transmission electron microscopy is described as:

“the electrons shoot through the sample and measures how the electron beam changes as it is scattered in the

sample. Scanning electron microscope images the sample surface by scanning it with electron beams in a raster

scan pattern. The electrons interact with the sample atoms producing signals that contain information about the

sample’s surface topography, composition and other properties”. The disadvantage of this method is that it does

not capture the real situation of nanoparticles in nanofluids because there is a need for dried samples prepared in a

vacuum oven .

4.2. X-ray-Based Techniques

One of the most extensively applied methods for nanoparticle characterization is X-ray diffraction (XRD) . It

provides information on the crystal structure, nature of the phase, crystalline grain size and lattice parameters. For

this method, the nanoparticles in powder form are commonly used after drying the colloidal solution. XRD provides

statistically representative, volume averaged values. For instance, this method has been applied to determine the

average crystallite size of magnetite nanoparticles . Another X-ray-based analytical method to determine the
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structure of nanoparticles in terms of averaged size or shapes is small angle X-ray scattering (SAXS) . Normally,

a transmission mode is used, when the X-ray beam is sent through the nanofluid sample and the average structure

of all illuminated particles is measured.

4.3. Neutron Scattering Techniques

Analogously to the SAXS method, small angle neutron scattering (SANS) is often used to study the structure of

nanofluids, in terms of nanoparticle size and shape distribution, but also to study assembly and alignment of

nanoparticles . Among the advantages of neutrons, one can highlight their larger penetration depth and an

option of using contrast variation. In this way, different parts of a sample can be selectively viewed via isotopic

labelling. This method has been found especially useful in structure research of magnetic nanofluids .

4.4. Atomic Force Microscopy

Atomic force microscopy (AFM) is a technique capable of providing three-dimensional images of surfaces. It

measures the interacting forces between a fine probe and the sample. In this way, individual particles and groups

of particles can be resolved and shape and size distribution of nanoparticles can be obtained . AFM can scan

the sample under different modes depending on the degree of proximity between the probe and the sample

(contact, non-contact, and tapping mode). The tapping mode is the most common when characterizing

nanoparticles .

Clearly, in order to get the complete picture of an unknown sample, which allows extraction of proper correlations

between the structure and the improvement of the base liquid properties, one needs to employ various methods,

because their results are complementary.
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