
Prospects of metals for hydrogen energy
storage

What are metal hydrogen storage materials?

In this paper,the metal hydrogen storage materials are summarized,including metal alloys and metal-organic

framework. TiFe-based hydrogen storage alloys have become one of the most promising materials because of

their reversible hydrogen absorption and desorption at room temperature and low hydrogen pressure.

 

What are the topics covered in hydrogen-based energy storage?

The following areas are covered; porous materials, liquid hydrogen carriers, complex hydrides, intermetallic

hydrides, electrochemical storage of energy, thermal energy storage, hydrogen energy systems and an outlook

is presented for future prospects and research on hydrogen-based energy storage. 1. Introduction

 

What are the challenges facing rare-earth-metal-based hydrogen storage materials?

One of the main challenges facing rare-earth-metal-based hydrogen storage materials is their relatively low

actual hydrogen storage capacitycompared to the targets set by the U.S. Department of Energy (DOE) for

automotive applications.

 

Can rare-earth-metal-based materials be used for high-performance hydrogen storage?
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Rare-earth-metal-based materials have emerged as frontrunners in the quest for high-performance hydrogen

storage solutions, offering a paradigm shift in clean energy technologies.

 

Which metal hydride hydrogen storage material is best?

In recent years,people prefer metal hydride hydrogen storage. Among metal hydride hydrogen storage

materials,TiFe alloyis a promising hydrogen storage material. TiFe alloy is a typical AB type hydrogen

storage alloy,which can store hydrogen at room temperature,and lower hydrogen pressure.

 

Can complex intermetallics be used to develop hydrogen storage materials?

It has been suggested that the complex intermetallics,such as multicomponent high-entropy Laves-phase and

related alloys,can open a new area of research for developing hydrogen storage materials(Yadav et al.

2012a,b; Pandey et al. 2014).

Solid-state hydrogen storage technology has emerged as a disruptive solution to the "last mile" challenge in

large-scale hydrogen energy applications, garnering significant global research attention. This paper

systematically reviews the Chinese research progress in solid-state hydrogen storage material systems,

thermodynamic mechanisms, and system integration. It ...

General Overview of High-Entropy Alloys. Multicomponent high-entropy alloys (HEAs) seem to have

appeared to be one of the most promising materials because of its excellent mechanical, thermal and oxidation
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properties compared to that of pure metals and conventional alloys (Murty et al. 2019; Vaidya et al. 2019)  is

emerging as a new class of structural and ...

For hydrogen storage, metal hydride systems have been developed in the 2010s [1] for use in emergency or

backup power units, i. e. for stationary applications. ... III. PROSPECT HYDROGEN ENERGY STORAGE

Even though hydrogen is ...

This comprehensive review explores the transformative role of nanomaterials in advancing the frontier of

hydrogen energy, specifically in the realms of storage, production, and transport. Focusing on key

nanomaterials like metallic nanoparticles, metal-organic frameworks, carbon nanotubes, and graphene, the

article delves into their unique properties. It scrutinizes ...

The reaction rate of a metal-hydrogen system is, therefore, a function of pressure and temperature. Hydrogen

storage in metal hydrides comprises a few mechanistic steps and depends on some parameters. Essentially, the

surface of the metal must be able to dissociate the hydrogen molecule and permit easy mobility of hydrogen

atoms to be able to ...

Aluminum hydride (AlH3) is a covalently bonded trihydride with a high gravimetric (10.1 wt%) and

volumetric (148 kg&#183;m-3) hydrogen capacity. AlH3 decomposes to Al and H2 rapidly at relatively low

temperatures, indicating good hydrogen desorption kinetics at ambient temperature. Therefore, AlH3 is one of

the most prospective candidates for high ...

Nanomaterials have revolutionized the battery industry by enhancing energy storage capacities and charging

speeds, and their application in hydrogen (H2) storage likewise holds strong potential, though with distinct

challenges and mechanisms. H2 is a crucial future zero-carbon energy vector given its high gravimetric energy

density, which far exceeds that of ...

LI Luling, FAN Shuanshi, CHEN Qiuxiong, YANG Guang, WEN Yonggang. Hydrogen storage technology:

Current status and prospects[J]. Energy Storage Science and Technology, 2018, 7(4): 586-594.

At the hydrogen energy facility BHU Varanasi, Srivastava et al. group has already demonstrated a metal

hydride tank-based hydrogen storage system for fueling the two, three, and four wheeled vehicles. The

endeavor to use hydrogen-powered trains and vehicles on a worldwide scale is already getting attention.

This review supports the utilization of hydrogen as clean energy fuel and its possible storage measures. The

review provides an imperative connection of the metal hydrides, including emerging high-entropy alloy

hydrides, with renewable and sustainable energy. Metal hydrides are an economic option for hydrogen-based

energy applications.

A researcher at the International Institute for System Analysis in Austria named Marchetti argued for H 2
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economy in an article titled "Why hydrogen" in 1979 based on proceeding 100 years of energy usage [7].The

essay made predictions, which have been referenced in studies on the H 2 economy, that have remarkably held

concerning the ...

Rare-earth-metal-based materials have emerged as frontrunners in the quest for high-performance hydrogen

storage solutions, offering a paradigm shift in clean energy ...

Dihydrogen (H2), commonly named ''hydrogen'', is increasingly recognised as a clean and reliable energy

vector for decarbonisation and defossilisation by various sectors. The global hydrogen demand is projected to

increase from 70 million tonnes in 2019 to 120 million tonnes by 2024. Hydrogen development should also

meet the seventh goal of ''affordable and clean energy'' of ...

AlH 3 is an appealing elemental hydride with much higher ratio of hydrogen to host atoms than interstitial

intermetallic hydrides and most complex hydrides, offering ...

To provide theoretical support to accelerate the development of hydrogen-related industries, accelerate the

transformation of energy companies, and offer a basis and reference for the construction of Hydrogen China,

this paper explains the key technologies in the hydrogen industry chain, such as production, storage,

transportation, and application, and ...

Metal hydrides are an economic option for hydrogen-based energy applications. This review focuses on

present issues and the prospective application of hydrogen storage. Discover the world''s research

Energy; Metal-organic frameworks; ... The prospect of hydrogen storage using liquid organic hydrogen

carriers. Energy Fuels 33, 2778-2796 (2019). Article CAS Google Scholar ...

Hydrogen, a renewable and clean power source, has an important place in the future, and its preparation,

storage, transport and application have attracted much attention [1, 2].Now, the main technical means of

hydrogen production include hydrogen production by fossil energy reforming, hydrogen manufacturing from

industrial by-product gas and hydrogen ...

Storage via adsorption in porous hosts is a possible substitute for high-pressure compression. A new class of

functional porous crystalline solids, metal-organic frameworks (MOFs) can be synthesized in a modular

fashion from metal centers and organic ligands, resulting in a wide range of chemical and structural forms

with properties that can be finely tuned ...

The conjugation of external species with two-dimensional (2D) materials has broad application prospects. In

this study, we have explored the potential of noble metal/2D MOF heterostructures in hydrogen storage.

Specifically, the MgH2-Ni-MOF@Pd system has shown remarkable hydrogen desorption/sorption

performances, starting to liberate hydrogen at 181 ...

Page 3/5



Prospects of metals for hydrogen energy
storage

and metal, including ionic, metallic, and metal-hydrogen bonds [47]. Strong covalent adsorption can lead to

effective chemical hydrogen storage [57]. Metal hydrides offer benefits such as cost-effectiveness, safety, high

hydrogen storage capacity, and operation at low pressures [58,59].

Sustainable clean energy is gradually replacing traditional fossil energy sources in important industrial

applications and is placing higher demands on the technologies of energy storage and transportation. The

development of multi-principal element alloys (MPEAs) offers a new idea for safe solid-state hydrogen

storage materials. Owing to the unique characteristics ...

This review offers a comprehensive overview of the current status of metal hydrides in hydrogen storage,

addressing their vital role in the hydrogen energy landscape. This review underscores the critical significance

of efficient hydrogen storage methods and delves into the intricate mechanisms that make metal hydrides a

promising solution. Examining the utilization of ...

Metal hydrides have received much interest over the past several decades, which is evident from a previous

related Special Issue published in Inorganics: "Functional Materials Based on Metal Hydrides" [].Reversible

solid-state hydrogen storage at ambient conditions with moderate energy exchanges with the surroundings is

the ultimate challenge to ...

This review describes the significant accomplishments achieved by MXenes (primarily in 2019-2024) for

enhancing the hydrogen storage performance of various metal hydride materials such as MgH 2, AlH 3,

Mg(BH 4) 2, LiBH 4, alanates, and composite hydrides  also discusses the bottlenecks of metal hydrides, the

influential properties of MXenes, and the ...

The prospects of hydrogen penetration and decarbonisation are stated, however, key hydrogen technologies

and the current progress of developing hydrogen technologies have not been fully addressed. ... Among them,

metal hydrides have aroused more and more interest owing to their high hydrogen storage capacity. Palladium,

for example, can absorb ...

Hydrogen energy is a very attractive option in dealing with the existing energy crisis. For the development of

a hydrogen energy economy, hydrogen storage technology must be improved to over the storage limitations.

Compared with traditional hydrogen storage technology, the prospect of hydrogen storage materials is broader.

5.4 Concluding remarks and prospects. Compact and safe hydrogen storage is of vital importance for the

large-scale application of hydrogen energy. Since different hydrogen storage methods have their specific

advantages and disadvantages, we should choose the appropriate hydrogen storage method depending on the

application scenarios.

This review aims to summarize the recent advancements and prevailing challenges within the realm of
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hydrogen storage and transportation, thereby providing guidance and impetus for future research and practical

applications in this domain. Through a systematic selection and analysis of the latest literature, this study

highlights the strengths, limitations, ...

It focuses on structural design and preparation features of MXenes and includes their application from energy

storage devices i.e., micro-supercapacitors (m-SCs) and batteries to electrochemical ...

Hydride-forming elements like Ti, Zr, V, Nb, Hf, Ta, La, Ce, Ni, and others have been shown to have

hydrogen storage properties and the ability to produce single-phase high ...

The continuously rising concerns for the energy crisis (dwindling traditional energy resources, such as

petroleum, coal, and natural gas, etc.) and the environmental issues of burning fossil fuels have prompted

tremendous efforts on exploration of sustainable and renewable alternative energy carriers, including nuclear

energy [1], solar energy [2, 3], and ...

Intermetallic compounds are an emerging class of materials with intriguing hydrogen activation and storage

capabilities garnering attention for their application in low ...

The main advantage of hydrogen storage in metal hydrides for stationary applications are the high volumetric

energy density and lower operating pressure compared to gaseous hydrogen storage. In Power-to-Power (P2P)

systems the metal hydride tank is coupled to an electrolyser upstream and a fuel cell or H 2 internal

combustion engine downstream ...

However, its low volumetric energy density causes considerable difficulties, inspiring intense efforts to

develop chemical-based storage using metal hydrides, liquid ...
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