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Aqueous zinc-ion batteries are attractive for grid storage 

because they are safe, cheap and built from abundant 

materials. Their progress depends mostly on the cathode, 

which must host zinc ions reversibly in a water-based 

electrolyte. This article reviews how synthesis choices shape 

the structure and performance of manganese, vanadium and 

Prussian blue cathodes, with special attention to co-

precipitation. We describe the method step by step, compare it 

with other routes, and point out what still limits practical use. 

Controlled reaction conditions, defect management and 

conductive coatings are the most reliable ways to improve 

capacity and cycle life. 
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1. Introduction 

Demand for stationary energy storage keeps growing as solar and wind power expand, and 

lithium-ion batteries are not always the best fit for this job. Their organic electrolytes are 

flammable, and cost and resource concerns become serious at grid scale. Rechargeable zinc-ion 

batteries (ZIBs) have therefore drawn strong interest, since zinc metal is stable in water, has a 

high theoretical capacity and is easy to handle [1]. The electrolyte is usually a mild aqueous salt 

solution, which makes the cell safer and simpler to assemble than non-aqueous systems [2]. 

Even so, the technology is far from finished. Unlike Li⁺, the Zn²⁺ ion carries two charges and 

is strongly hydrated, so it interacts heavily with the host lattice and moves slowly through it [1]. 

Many materials that work well in lithium cells therefore perform poorly with zinc. Early 
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demonstrations showed that frameworks such as NASICON-type phosphates could host Zn²⁺ 

reversibly [3], and layered manganese oxides soon followed [4]. Since then, vanadium-based 

compounds have been studied intensively because their open layers and variable oxidation states 

allow high capacity [5]. 

Manganese dioxide has stayed popular for practical reasons: it is inexpensive, nontoxic and 

available in many crystal forms [4]. Its drawbacks are poor electronic conductivity and partial 

dissolution during cycling, which is why researchers often combine it with carbon nanotubes or 

other conductive supports [6]. A third family, the Prussian blue analogues, offers wide ionic 

channels and good rate behavior, although capacity is moderate [7][8]. The reaction 

mechanisms in all these materials are still debated, and several processes can occur together [7]. 

What links these materials is that their final properties depend heavily on how they are 

made. Particle size, crystallinity, water content, defect density and surface coating are all set 

during synthesis, and each affects ion diffusion and stability [2][9]. Reports of the same 

compound can differ widely in capacity simply because the preparation route was different. 

Composite and freestanding electrodes show the same trend, as the arrangement of active 

material and conductive framework strongly affects the result [10]. This article therefore focuses 

on synthesis, and in particular on co-precipitation, which is simple, low-energy and easy to 

scale. We hope to give newcomers a clear and practical overview. 

2. Literature Review 

Early work on ZIB cathodes concentrated on finding any structure that could accept zinc. 

Alfaruqi et al. reported that nanoflakes of layered δ-MnO₂ delivered high zinc-storage capacity, 

which highlighted the value of a layered structure and a thin morphology [4]. Xu and co-

workers prepared MnO₂ combined with acid-treated carbon nanotubes and found that the 

conductive network improved storage behavior compared with the oxide alone [6]. 

Vanadium compounds soon became the second major direction. Tang and colleagues 

showed that potassium vanadates with stable frameworks and fast ion channels could cycle well 

in aqueous cells, suggesting that pre-inserted cations act as pillars that stop layers from 

collapsing [5]. Dai et al. later grew VO₂ on graphene to make freestanding films, achieving 

stable cycling and good rate performance without binders [10]. 

Prussian blue analogues were studied in parallel. Jia et al. described a copper 

hexacyanoferrate with an open framework that could serve as a positive electrode in zinc cells 

[8]. 

Taken together, these studies point to the same conclusion: composition matters, but the way 

the material is built matters just as much. 

3. Materials and Methods 

This is a review article, so no new experimental data are presented. Instead, this section 

describes the co-precipitation procedure and the evaluation steps most often used in the cited 

literature. 



INTERNATIONAL JOURNAL OF SCIENTIFIC & 

EDUCATIONAL RESEARCH 

VOLUME I, ISSUE II                             ISSN: 2475-3238 
 

IMPACT FACTOR:13.217                    303                   IJSER.US 

3.1 Co-precipitation procedure. Co-precipitation means that two or more dissolved species 

form a solid together when a solution is changed in a controlled way. For zinc-ion cathodes, it is 

most often used for Prussian blue analogues [8][9]. A transition-metal salt solution (for example 

Cu²⁺ or Zn²⁺ salts) and a hexacyanoferrate solution are prepared separately in deionized water. 

They are then added dropwise into a stirred vessel at room temperature or slightly above. A 

chelating agent such as sodium citrate is often placed in one solution to slow nucleation, so that 

crystals grow gradually instead of forming at once [9]. When several metals are used, they are 

dissolved together, which forces them to settle in the same particles and gives an even 

composition [9]. 

3.2 Key parameters. Four variables matter most. Addition rate: fast mixing gives many 

small, defective crystals, while slow mixing gives larger and more ordered ones. Concentration: 

lower concentrations favor regular growth. Temperature and pH: these control solubilities and 

the oxidation state of the metals, and are usually held constant during the reaction. Ageing time: 

leaving the suspension to stand for several hours lets crystals ripen and heal defects [8][9]. 

Carbon nanotubes or graphene can be dispersed in the solution beforehand so that particles grow 

directly on the conductive support [6][10]. 

3.3 Post-treatment. The precipitate is collected by filtration or centrifugation, washed 

several times with water and ethanol to remove residual salts, and dried under mild heat or 

vacuum. For oxides and phosphates, the dried precursor is often heated in air to obtain the final 

crystal phase [3][4]. Drying temperature must be chosen carefully, because removing too much 

lattice water can damage Prussian blue frameworks. 

4. Discussion 

Each route involves a trade-off. Co-precipitation needs little energy, simple equipment and 

gives uniform mixing of elements, so it is the easiest to scale. Its weakness is limited control 

over particle shape and a tendency to leave vacancies and trapped water, which reduce stability 

in Prussian blue materials [9]. Hydrothermal methods give excellent morphology, but batch size 

is limited and the process is energy-intensive [5]. Solid-state methods are cheap but offer little 

control over particle size [3]. Composite strategies consistently help, yet they add cost and 

complexity [6][10]. 

Several challenges remain. Manganese dissolution, structural collapse in vanadium oxides 

during deep cycling, and the lack of standard testing conditions all make fair comparison 

difficult [1][2]. Future work should combine scalable synthesis with in situ characterization, so 

that the link between preparation and performance can be understood rather than found by trial 

and error. 

5. Conclusion 

Zinc-ion batteries are promising for safe and low-cost energy storage, and the cathode 

remains the main bottleneck. This review shows that the synthesis route strongly influences 

structure, conductivity and stability in manganese, vanadium and Prussian blue materials. Co-
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precipitation stands out as a simple, low-energy and scalable method, provided that mixing 

speed, concentration and ageing are carefully controlled. Defect engineering, chelating agents 

and conductive coatings are the most dependable ways to improve cycling. Future studies 

should aim for standardized testing and deeper mechanistic understanding, which will help turn 

laboratory cathodes into practical battery components. 
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