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Course type (compulsory or optional) optional 

Course level (study cycle) II cycle 

Semester the course is delivered 1, Autumn semester 

Study form (face-to-face or distant) Auditory 

 

Course title in Lithuanian 

NAUJOS MEDŽIAGOS VANDENILIO SAUGOJIMUI 

Course title in English 

NEW MATERIALS FOR HYDROGEN STORAGE 

Short course annotation in Lithuanian (up to 500 characters) 

Kursas analizuoja vandenilio saugojimo fizikinius ir technologinius pagrindus. Ypatingas dėmesys 

bus skirtas vandenilio saugojimui kietuosiuose kūnuose: metaluose, metalų lydiniuose ir 

cheminiuose junginiuose. Kurso metu studentai praktiškai išmoks įvertinti įvairius parametrus, 

turinčius įtakos medžiagų hidrinimo ir dekompozicijos kinetikai, susijusiais su hidridų formavimosi 

termodinamika. Bus išanalizuota nanokristalinių vandenilio saugojimo medžiagų gavimas 

panaudojant fizikinius medžiagų sintezės metodus. 

Short course annotation in English (up to 500 characters) 

 The course NEW HYDROGEN STORAGE MATERIALS provides the main concepts on 

hydrogen storage physics and technology. The emphasis is made on hydrogen storage in materials: 

metals, alloys and chemical compounds. It provides the study of factors influencing kinetics of 

hydrogenation and dehydrogenation, and hydride formation thermodynamics. Hydrogen storage in 

nanomaterials is analyzed. Key topics include the study of physical vapour deposition technologies 

for fabrication of hydrogen storage materials. 

 Prerequisites for entering the course 

 Renewable energy (FIE5001)-  

Course aim 

To provide theoretical and practical skills on hydrogen storage technologies including safety issues, 

environment impact and use of technologies in different industries.  

Links between study programme outcomes, course outcomes and criteria of learning 

achievement evaluation 

Study programme outcomes Course outcomes 
Criteria of learning achievement 

evaluation 

1. To apply physical models 

for the description, analysis 

and assessment of various 

energy technologies and their 

impact on the environment  

 

1. The main principals of 

hydrogen storage using 

pressurized and 

cryogenic systems. 

The capability to explain main working 

principles of high pressure and 

cryogenic hydrogen storage devices 

and to explain main challenges related 

to technological development, devices 

safety and process economy. 



2. Solid state hydrogen 

storage in metals, metal 

alloys and chemical 

compounds. 

The capability to explain main 

processes which were taking places 

during hydrogen storage in metals, 

metal alloys and chemical compounds 

and to explain main challenges related 

to technology application and 

economy. 

2. To be able to execute 

experimental investigations 

of physical quantities 

involved in energy 

technologies and parameters 

which describe impact on the 

environment, to compare 

obtained results with existing 

knowledge and theories, and 

to draw conclusions 

3. Hydrogen storage in 

nanomaterials. 

The capability to describe main storage 

technological and economical 

peculiarities and challenges.  

4. Thermodynamics of 

hydrides formation. 

The capability to describe 

thermodynamics of hydrides formation. 

 5. Hydrogen transport 

kinetics on materials 

surface and bulk. 

The capability to describe hydrogen 

transport kinetics on materials surface 

and bulk. 

4. To be able to employ 

advanced experimental 

techniques for the 

development and analysis of 

new materials for energy 

technologies 

6. The use of different 

catalyst in hydrogen 

absorption acceleration. 

The capability to describe the role of 

different catalyst in hydrogen 

absorption acceleration. 

7. The use physical 

synthesis technologies 

for hydrogen storage 

materials development. 

The capability to use physical synthesis 

technologies for hydrogen storage 

materials development. 

Link between course outcomes and content  

Course outcomes Content (topics) 

1.  The main principals of 

hydrogen storage using 

pressurized and cryogenic 

systems. 

Hydrogen as an energy carrier. 

Hydrogen storage in high pressure vessels. 

Hydrogen storage as a liquid. 

2. Solid state hydrogen storage 

in metals, metal alloys and 

chemical compounds. 

Hydrogen storage in chemical compounds. 

Metal hydrides for hydrogen storage. 

Metal alloys for hydrogen storage. 

Metal organics frameworks for hydrogen storage. 

3. Hydrogen storage in 

nanomaterials. 

Description of nanomaterials. 

Nanomaterials development methods. 

Hydrogen storage in nanomaterials. 

4. Thermodynamics of 

hydrides formation. 

Thermodynamics of hydrides formation. 

Destabilization of metal hydrides. 

5. Hydrogen transport kinetics 

on materials surface and bulk. 

Hydrogen interaction with solid state materials surfaces. 

Hydrogen diffusion into bulk of materials. 

Non-linear processes: the use pf plasma based technologies for 

hydrogen storage materials synthesis. 

6. The use of different catalyst 

in hydrogen absorption 

acceleration. 

Description of nano-catalyst. 

Review of nano-catalyst synthesis technologies. 

Stabilisation of nano-catalyst on materials surfaces. 

Agglomeration of nano-catalyst on materials surfaces. 



7. The use physical synthesis 

technologies for hydrogen 

storage materials development. 

Magnetron sputtering for hydrogen storage materials 

development. 

Hydrogen ion implantation for metal hydrides synthesis. 

Study (teaching and learning) methods 

Teaching methods: narrative, explanation, analysis of examples, consultation 

Learning methods: laboratory works, modelling and presentation of theoretical tasks, consultation 

Methods of learning achievement assessment  

Test, presentation of theoretical tasks, defence of laboratory works 

Distribution of workload for students (contact and independent work hours) 

Lectures 45 hours 

Seminars 5 hours 

Home work 30 hours 

Laboratory work 10 hours 

Individual students 

work 

56 hours 

Consultations 4 hours 

Total: 150 hours 

Structure of cumulative score and value of its constituent parts 

Intermediate test - 20 %, seminars 15 %, laboratory work – 15 %, final test - 50 % of final score. 

Recommended reference materials 

No

. 

 

Publicati

on year 

Authors of 

publication and 

title 

Publishing house 

Number of copies in 

University 

library 

Self-

study 

rooms 

Other 

libraries   

Basic materials 

1. 2005 Pranevičius L. New 

materials for 

hydrogen storage.  

www.hydrogen.lt/kursai

.html    

2. 2005 Pranevičius L. 

Characterization of 

thin films materials 

used for hydrogen 

storage. 

www.hydrogen.lt 

www.hydrogen.lt/kursai

.html 

   

Supplementary materials 

1. 

2001 Maeland A. J. 

Hydrides for 

hydrogen storage, 

in Hidride 

Chemistry 

John Wiley and Soons 

Ltd. 

 

Course programme designed by 

Prof. Darius Milčius, VMU Physics Department and Lithuania Energy Institute 

 

 


