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The term “rheology” stands for the study of a material’s flow behavior under applied deformation forces or stress.

The Rheological Phase Reaction (RPR) method is considered a “pollution-less method” to prepare any metal

oxides with high crystallinity, phase purity, and fewer agglomerations depending on the proper raw materials and

the right temperature conditions are being chosen. 
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1. Introduction

Metal oxides are an extremely important class of materials from both scientific and technological viewpoints. Hence

the different approaches to making metal oxides both in bulk and nano size have become a vital area of research.

Several methods, such as sol-gel, hydrothermal, reflux method, ball milling, etc., have been utilized for the

preparation of metal oxides . But each method has serious limitations, for example, not being suitable for

mass production, expensive, time consuming, composed of toxic materials, and others. Apart from these

limitations, the major concern about all the above methods of preparation is the environmental pollution they cause.

Environment pollution happens when the contaminated solvents utilized in the metal oxide preparation experiments

are exposed to their surroundings. Whereas metal oxides are utilized for the removal of heavy metal ions , dye

degradation , energy storage devices , solar cells , and other applications, the method of preparing metal

oxides by themselves should not harm the environment.

On the other hand, research activities on metal oxide preparations cannot be stopped as they are the major steps

in achieving high efficiency in a particular process such as dye degradation or the production of high-performance

devices. The material preparation plays a major role in determining the performance and as well as the cost of the

final devices. The preparation method influences the properties of metal oxides such as phase purity, particle size,

surface area, and others, where the metal oxides utilized in lithium ion batteries (LIBs) is just one of the examples.

LIB has applications for all portable electronic devices such as mobile phones, laptops, etc. But still, improvements

in energy density and power density are always needed owing to customer expectations. There is a growing

demand for high-performing LIB for electric vehicles. To increase the performance and efficiency of LIBs utilized in

electronically powered devices and electric vehicles , the cathode materials such as LiCoO , LiMnO ,

LiCoPO , LiMn O , LiNiO  LiFePO , Li FeSiO  and Li V (PO )  have been explored by preparing them through

various preparation routes . Among the several methods such as solid-state reaction ,

sol-gel , hydrothermal , rheological phase reaction (RPR) , ultrasonic treatment , freeze-drying ,

microwave-assisted sol-gel , and spray pyrolysis , the RPR method was found to be very promising as an
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eco-friendly mass production method and meets the industrial demands for preparation of metal oxides for high

performance LIBs.

Lithium trivanadate LiV O  (LVO) is the highly explored material prepared by the RPR method. Since most of the

above cathode materials for LIBs have practical capacities lower than 200 mAh/g , LiV O  proposed by

Wadsley in 1957, rapidly developed among them due to its high theoretical capacity of 352.5 mAh/gas a cathode

for the lithium ion battery . At the same time, LVO exhibits serious limitations such as fast capacity decay,

multiple plateau regions during the charge/discharge process, growth of dendrite, irreversible phase transition, and

dissolution of LVO grains during cycling . Although the above limitations were successfully overcome by hetero-

ions doping, conductive layer coating, and morphology tuning , still the preparation

method adopted plays a crucial role. The phase purity and tuning the morphology of the particles by optimizing the

calcination temperatures and time have a major impact .

Although there are plentiful review reports on different types of cathode materials for LIBs , only seldom

are there reports on the review of vanadium oxides for LIBs , and particularly the RPR’s method of reviewing

metal oxides is not a focus in any of the reports.

2. What Is Meant by the Rheological Phase Reaction (RPR)
Method?

The term “rheology” stands for the study of a material’s flow behavior under applied deformation forces or stress.

Every material has a property known as viscoelasticity, which indicates both the viscous and elastic portions. If the

material is more viscous, it is a liquid; if it is more elastic, it is solid. A proper mixture of metal oxides with

appropriate water or organic solvent provides a viscoelastic nature, a property similar to honey. This is called the

solid-liquid rheological mixture. In this nature, there is close contact with the reactants and any external heat

applied will be uniformly distributed among the reactants with no overheating.

The process of preparing compounds from the solid-liquid rheological mixture through chemical reactions is called

the Rheological Phase Reaction (RPR) method. Initially, the stoichiometric molar ratios of the solid reactants (raw

materials) are mixed thoroughly using mortar and pestle. Later, the solid–liquid rheological mixture is obtained by

adding an appropriate amount of water or other organic solvents (one or two drops) to the well mixed solid

reactants, in which the solid particles and liquid substance are uniformly distributed. The resultant mixture will be

smooth and viscoelastic as the honey (Figure 1a–c). Finally, the obtained rheological body is transferred to the

high pressure reactor and kept at a constant temperature and pressure for an appropriate time. The rheological

body collected from the high pressure reactor is then dried in a petri dish for the desired time until the dry powders

are obtained. The smooth powders are then calcinated at the desired temperature and time to obtain the required

compounds. The schematic illustration of rheological phase reaction method is shown in Figure 1d.
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Figure 1. (a) Viscoelastic honey (b,c) a rheological mixture from the laboratory; (d) Schematic illustration of

rheological phase reaction method.

Although both the water and organic solvents could be used as the rheological liquid, when water is used as the

solvent, there is a great chance that the product may be agglomerated; as the use of an organic solvent is

supposed to decrease the particle size. Still, the researchers prefer water as the solvent due to its eco-friendly

nature and can overcome the agglomerations through inventive steps. Hence, the RPR method could be classified

as the aqueous RPR and non-aqueous RPR method based on the solvent chosen. Usually, methods such as

coprecipitation, sol-gel, hydrothermal, etc., when using high amounts of water or organic solvents are regarded as

the best methods for making nanomaterials for mass production. However, all these preparation routes utilize a

high volume of water or organic solvents. As a result, the waste water or solvents containing transition metal ions,

and other groups such as sulphides, chlorine, fluorine, etc. are harmful to the land and aquatic bodies. In this

perspective, the RPR method is considered a “pollution-less method” to prepare any metal oxides with high

crystallinity, phase purity, and fewer agglomerations depending on the proper raw materials and the right

temperature conditions arebeing chosen.
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