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1. INTRODUCTION 

 
The objectives of the present consultancy meeting on the “Development of an E-learning 
Module on Material Modification by Radiation” (see Annex I) were: 

- to establish the current needs for e-learning in education on radiation chemistry and 
related technologies applicable to polymers and polymer-based materials in IAEA 
Member States; 

- to draft a roadmap on the basis of a detailed syllabus. 

Recently, a technical meeting (TM), held in Vienna in July 2015, and a consultancy meeting 
(CM) in November 2017 have been organized to provide strategic orientations together 
with a realistic roadmap for future initiatives. The resulting recommendations have 
emphasized the importance of e-learning as a new means to educate and train students and 
young professionals as well to contribute to the life-long qualification updating. 
The on-going actions, the prospective views on the needs, in terms of education and on the 
specific contents, format and constraints regarding e-learning units to be developed, were 
reported by the participants and analysed in the light of the previous recommendations. 
Education and training have been improved and updated gradually. This is supported by a 
number of tangible achievements in various types of actions: 
 

- books and reports made available under IAEA’s impulsion and support for 
providing an open-sourced and up-to-date knowledge on specific topics of prime 
interest, 
 

- regional training initiatives in Asia and in Europe (Technical cooperation 
programmes, Erasmus+ key action 2 “TL-IRMP”), pre-conference training course 
at IMRP2019, with IAEA supports for students and young professionals, 
 

- scientific fellowships hosted at research institutes and IAEA collaborating centres, 
 

- development of a e-learning module at IAEA entitled “Radiation-induced 
polymerization and polymer modification” based on existing starting material. 
 

The discussions were driven to structure a syllabus after segmenting the needs in terms of 
qualification levels, disciplinary and technical specialities, in the various domains of 
application of radiation to polymers and polymer-based materials. 
 
 

2. SUMMARY OF DISCUSSIONS  

 
2.1.CONTEXT AND NEEDS IN EDUCATION FOR RADIATION PROCESSING 

OF POLYMERS AND POLYMER-BASED MATERIALS 
 
 
The status of education in the field of Radiation chemistry and the conclusions of the 
previous meetings organized by IAEA were updated to provide strategic orientations 
together with a detailed syllabus and a roadmap for the development of e-learning 
programmes focused on the radiation-induced modification of polymers and polymer-
based materials.  
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Participants have shared their personal experience on educational activities, revealing 
various situations, depending on the status of their Institutions. Universities or Research 
Institutions offering in their walls a complete M.Sc. curriculum specifically dedicated to 
Radiation Chemistry and its Applications are very few. This explains the increasing number 
of training courses proposed to students and young professionals in the field, many of them 
being initiated and/or supported by IAEA.  
The discussions were driven to structure a comprehensive curricular description after 
segmenting the needs both in terms of qualification levels and of disciplinary and technical 
orientations, as a function of the domain of application. 
The resulting recommendations have emphasized the importance of e-learning as a new 
means to educate and to train students and young professionals, as well to contribute to the 
life-long qualification updated from inputs of current CMs. 
The discussion included: 

- an overview of current trends in research activities relating to the elaboration of 
polymer-based materials using irradiation methods and applications (wire and cable 
crosslinking, heat shrinkable films, performance plastic tubing, thermoplastic and 
rubber foams, elastomers, radiation sterilization of medical products, packaging and 
biomedical materials, hydrogels (wound dressings, membranes and composites for 
energy, etc.), 

- the evolution of radiation sources and analytical platforms available in the Members 
States, with new tools allowing to tackle the current scientific challenges, 

- the importance of “hands-on” training and of experimental practice, 
- the now well-established e-learning framework, with various e-media and 

associated software environments, the recently released e-modules and on-going 
initiatives at IAEA. 

It was considered important not to restrict the development of e-learning material to the 
preparation of scientific and technical contents of the syllabus. Current e-learning tools and 
platforms offer additional functionalities that facilitate and improve the efficiency of 
knowledge transfer: survey of activities (contents, time constraints, …), control by quizzes, 
access control to higher levels, …). 
 

2.2.DEFINING A ROADMAP FOR DEVELOPING E-LEARNING TOOLS 
 
 

The main task carried out during the meeting was to structure and to provide a detailed 
description of the desired curricular content. As a function of educational objectives and 
satisfied prerequisites, the knowledge to be transferred to the learners includes a well-
balanced training programme associating: 

- the description of basic and applied phenomena of relevance to the area, 
- the associated models and concepts, 
- the implementation of radiation treatments in appropriate conditions, 
- the basic and advanced analytical methods for monitoring the radiation-

induced transformations and for characterizing the materials, 
- and finally, an initiation to simulation methods and to modelling. 

 
Keys to the successful development of e-learning programmes 
Attractivity is a key feature of e-learning methods, in comparison with conventional 
education practices. The design of specific storyboards for introducing with an appealing 
format the basic and advanced aspects of radiation processing form will require a strong 
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investment from the teams responsible for the developments of units, sub-modules or 
complementary e-learning activities, and for those who will coordinate the entire 
programme. The ADDIE method (Analysis, Design, Development, Implementation, 
Evaluation) represented in Scheme 1 details the tasks that must be sequentially coordinated 
for the design of sound and efficient e-learning activities. 
 

 
Scheme 1 - Diagram representing the ADDIE method (Adapted and enriched from “E-learning 
methodologies: a guide for designing and developing e-learning courses”, ISBN 978-92-5-107097-0, © FAO 
2011). 
 
The typology of media and activities that allow for an efficient transfer of knowledge by e-
learning includes:  

- edited and formatted contents based on existing or on future starting 
materials, the modern equivalent of lectures, 

- review of key knowledge, with exercises including data treatments 
(graphical treatment, calculation, application of models), the modern 
equivalent of tutorials, 

- video demonstrations of experimental activities (to be prepared), 
- tests and quizzes, 
- final evaluation conditioning the assignment of qualification certificates to 

e-learners. 
 
All this needs to be supervised and implemented by dedicated teams in charge of the 
selection of the teaching contents, their peer-review to ensure high standard and consistency, 
and the conversion of the base material into e-learning media by appropriate software with 
the assistance of e-learning specialists. 
E-learning development managers must coordinate the actions and outputs from 
Instructional designers (IDs), Subject matter experts (SMEs), Web developers and media 
editors, Course administrators, and on-line facilitators & tutors. 
 
Structure of the e-learning programme 
The knowledge to be transferred has been structured in six segments covering: theory and 
basics, applications, irradiation methods, advanced characterization methods, modelling 
and simulation, additional cross-cutting skills. 
Scientific contents were consequently proposed and presented in the form of a global matrix 
providing the architecture and the associated detailed curricular description in three levels 
(beginner (level A), advanced (level B), expert (level C)) and two generic profiles. 
 
Two main profiles correspond: 

- on one side to activities dominated by radiation-induced effects on macromolecular 
chains (cross-linking, scission, branching, oxidation) that are related to important 
industrial applications (sterilization, crosslinking of wire and cables, rubbers, …) 

Analysis
• Analysis of the needs
• Target audience
• Topics and tasks

Design
• Learning objectives
• Sequencing
• Articulation of 

contents
• Delivery strategy
• Evaluation process

Development
• Contents
• Storyboard
• Courseware
• Training of tutors

Implementation
• Installation
• Distribution
• Survey of learners 

activities

Evaluation
• Reactions
• Learning efficiency
• Behavior of learners
• Learners 

management
• Tutors management
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- on the other side, to the design, elaboration and characterization of advanced 
polymer-based materials using a variety of irradiation methods. 

In general, the basic e-learning units of level A (for beginners) are recommended for the 
two main tracks or profiles. However, for specific educational needs, tailored learning 
pathways can be proposed to e-learners, within the general framework proposed in the 
Table of Annex I. 
The detailed syllabus of the e-learning units or sub-modules is described in the document 
attached in Annex II. The domains of expertise of the participants of the present CM cover 
almost all the sections of the present document. However, as per our recommendations, all 
the contents and segmentation in different levels should be subjected to peer-review and 
agreed on before starting the preparation of specific e-learning units. 
A timeline including milestones based on work TM, prioritization, defining objectives with 
various degrees of sophistication in terms of e-learning process, inclusion of e-learning 
components in deliverables for future CRPs. 
 

2.3.AVAILABLE MATERIAL AND FUTURE CONTENTS FOR E-LEARNING 
MEDIA 
 

A variety of starting teaching material is already available, based on existing textbooks and 
monographies, articles and reviews published in scientific journals, as well as in all 
presentations prepared by lecturers for their University courses or for extra-curricular 
training activities. 
For each unit or sub-module, the Instructional designers (IDs) and Subject matter experts 
(SMEs) will have to write a sound storyboard, following recommended structures (e.g. 
introduction, statements, developments, illustrations, discussion, conclusion) and formats 
based on existing or on future starting materials. 
There is an obvious need for new materials in support to e-learning tutorials, exercises 
based on experimental observation and data (graphical treatment, calculation, application 
of models, for video demonstrations of experimental activities (to be prepared), for tests 
and final evaluation. The development of theses complementary material will require a high 
degree of coordination and shall take advantage of the strong assets of e-leaning to increase 
the attractivity of the whole pedagogical approach. 
 

2.4.TENTATIVE TIMELINE FOR IMPLEMENTING E-LEARNING TOOLS ON 
THE SUBJECT 
 

E-learning tools development, the design, elaboration and testing phases of the units and of 
the complementary survey procedure on all the identified topics of interest cannot be 
initiated simultaneously. The progressive construction of the e-learning ecosystem can be 
achieved on the basis of different priorization criteria (e.g. by qualification level, by 
specific education track). We propose a timeline based on the gradual development by 
increasing level (Annex III). Other options can be considered. 
 

3. CONCLUSIONS 

Analysis of the context and of the currently available education programmes confirms the 
strong demand by Member States for education by e-learning in the specific area of 
radiation processing of polymers and polymer-based materials. 
E-learning indeed exhibits several benefits, avoiding geographical and time constraints, 
open to trainees during down times, and easily updated using appealing media. 
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In addition, e-learning has been demonstrated to increase the efficiency of knowledge 
transfer to learners compared to traditional methods with limited additional costs and a 
much lower environmental footprint. 
The needs from Member States have been generally analysed, on qualitative and rough 
quantitative basis, that both confirm the strong demand for comprehensive e-learning 
material in this area. 
The Radiation Chemistry and Radiation Processing communities have a good vision of the 
status of their domains and of current scientific and technological challenges.  
This allowed for the definition of target needs, representative segmentation of potential 
trainees, depending on their professional profile and qualification. 
Scientific contents were consequently proposed and presented in the form of a global matrix 
providing the architecture and the associated detailed curricular description in three levels 
(beginner, advanced, expert) and two generic profiles. 
The knowledge to be transferred has been structured in six segments covering: theory and 
basics, application, irradiation methods, advanced characterization methods, modelling and 
simulation, additional cross-cutting skills. 
 
Two main profiles correspond: 

- on one side to activities dominated by radiation-induced effects on macromolecular 
chains (cross-linking, scission, branching, oxidation) that are related to important 
industrial applications (sterilization, crosslinking of wire and cables, rubbers, …) 

- on the other side, to the design, elaboration and characterization of advanced 
polymer-based materials using a variety of irradiation methods. 

The available resources consist (i) in e-learning development tools and server platforms 
and (ii) contents in scientific and technological knowledge already existing under various 
forms: scientific papers and proceedings, textbooks, monographies, presentations from 
lectures and public reports from IAEA supported activities (TM, CM, CRPs). 
The discussions highlighted the challenges in the development of the e-learning units which 
require strong initial intellectual and technical investment, need for consistency and for 
tutoring / mentoring. 
In conclusion, e-learning tools are really missing. Future activities in this direction should 
be designed with a global strategy including e-units and sub-modules based on the slides, 
complemented with exercises, tests and videos for experimental activities. 
 
Taking into consideration the broad dissemination and potential impact of the prepared 
educational material: 

- the preparation of e-learning units should follow the usual practices by peer-review 
of the contents and independent validation; 

- the learners’ activities should be monitored by a dedicated team of supervisors. 

 
 

4. RECOMMENDATIONS 

1. E-learning tools need to be developed to cover the needs of the Member States 
community (academic and research institutions, industrial sectors). 
 

2. E-learning tools should be complemented by hands-on training within a global 
educational and training strategy. 
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3. In that perspective, we recommend to follow the structure proposed in terms of 
qualification levels and domain of specialization in the table presented in Annex I. 
The drafted curricular description corresponding to this strategy is proposed in 
Annex II. 
 

4. The e-learning materials should be made available after peer-review of their 
contents that need to be checked and validated for self-consistency. 
 

5. The corresponding programme should be developed as soon as possible, with 
defined milestones for the preparation, testing and effective opening of the access 
to learners for some e-learning sub-modules to be selected. A tentative timeline is 
proposed in Annex III. 
 

6. It is recommended that TM, CM and individual activities by consultants are planned 
to perform the corresponding tasks. A forthcoming TM during 1st quarter of 2020 
should cover these first steps (defining the various formats and the digital 
functionalities made available to the contributors, for defining the content of 
scientific material in specific units and sub-modules, implementation and validation 
of the e-learning contents). 
 

7. The complete development should be covered within a timeframe of 5-6 years. 
Specific e-learning units and sub-modules and tentative training tracks should be 
prioritized, with editorial and operational teams. 
 

8. To ensure the efficiency and the attractivity of the developed e-learning materials, 
young scientists must be involved in the design, in the preparation and in the testing 
phases of the e-learning materials. 
 

9. It is recommended to involve the participants of CRPs in the production of base 
materials contributing to some specific tasks. 
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ANNEX I 

Synthetic table and proposed segmentation by profile 
 of the Curricular description of a course on 

the Radiation Chemistry of Polymer and Polymer-based Materials 
 

 
 

Profile A Mainly XL and/or scission, oxidation issues 
Rubber Foam 
Wire/ cable Insulators and tubing 
Degradation for polymer recycling or for biomass pre-treatment   
Sterilization 

Profile B Advanced modifications and control of structure /properties 
relations 
Advanced materials by radiation processing 
grafted materials, hydrogels, composites 
with their application to Functional and Structural materials, Membranes 
Food and Agriculture, Catalysis, Energy, Electronics, Coatings, 
Environmental, 
Cultural Heritage Preservation, Healthcare and Cosmetics 

Notation *  See Radiation Safety Officer 
** Spread in other sections (grafting, oxidation, cross-liking, 
morphological changes) 
*** See corresponding activities supported by IAEA, past, present or 
future CRPs 
 

No. Contents 
Level 

A B C 
1 Fundamentals of Radiation Chemistry    

1.a 
Radiation physics (radiation-matter interactions, radiation sources used 
for radiation chemistry and modification of materials, penetration and 
depth-distribution) 

1.a 1.a 1.a 

1.a 1.a 1.a 

1.b Primary chemical events and time-scale 
1.b 1.b 1.b 
1.b 1.b 1.b 

1.c 
Reactive species (radical ions, electrons, excited states, free radicals, 
structure and properties) 

1.c 1.c 1.c 
1.c 1.c 1.c 

1.d Radiation chemical yields 
1.d 1.d 1.d 
1.d 1.d 1.d 

1.e Dosimetry (absolute dosimetry, routine dosimetry) 
1.e 1.e 

 
1.e 1.e 

1.f Basic mechanisms of radiolysis in water and in organic media 
1.f 1.f 1.f 
1.f 1.f 1.f 

1.g 
Basic free radical chemistry (basics, overview of the practical role of 
free radicals in polymers, in biology etc.) 

1.g 
1.
g 

1.g 

1.g 
1.
g 

1.g 
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1.h 
Basic radiation chemistry of polymers (scission, cross-linking, 
radiation-induced oxidation) 

1.h 
1.
h 

1.h 

1.h 
1.
h 

1.h 

1.i Experimental approaches to study radiolysis 
1.i  

 
1.i 

1.i 1.i 

1.j Methods for monitoring the radiation-chemical processes 
1.j 1.j 1.j 
1.j 1.j 1.j 

1.k Health Safety and Environmental impacts of radiation 
1.k 

* * 
1.k 

2 Applications of Radiation Chemistry to Polymer-based Materials A B C 

2.a 
Radiation-induced modification of polymer chains structure: 
crosslinking and scission 

2.a 2.a 2.a 
2.a 2.a 2.a 

2.b 
Radiation-induced polymerization (including curing by XL-
polymerization, coatings, composites) 

2.b 2.b  

2.c Graft polymerization 2.c 2.c 

2.d Hydrogel synthesis and properties 
2.d 

2.d 2.d 
2.d 

2.e Radiolytic synthesis of metal nanoparticles and hybrid nanocomposites 2.e 2.e 2.e 

2.f Radiation chemistry of polysaccharides  
2.f 2.f 
2.f 2.f 

2.g Radiation chemistry of fluorinated polymers   
2.g 
2.g 

2.h Surface modification ** ** ** 
2.i Membrane preparation and modification, track-etched membranes   2.i 

2.j 
Overview of industrial sterilization and food preservation using 
irradiation 

2.j 
  

2.j 

2.k Elaboration of biomaterials *** 
**
* 

**
* 

2.l Design of radiation-resistant materials *** 
**
* 

**
* 

2.m Radiation modification of polymers for specific applications *** 
**
* 

**
* 

3 Irradiation methods A B C 

3.a Radiation sources and accelerator technologies 
3.a 

  
3.a 

3.b Practical conditions for industrial radiation processing 
3.b 

  
3.b 

3.c Control of processing parameters 
3.c 

  
3.c 

4 Characterization techniques for radiation-processed materials] A B C 

4.a 
Elemental composition and distribution (elemental analysis, XPS, 
EDX, PIXE …) 

4.a 
4.a  

4.a 

4.b 
Chromatographic techniques (GC, HPLC, SEC and coupled 
techniques) 

4.b 4.b 4.b 
4.b 4.b 4.b 
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4.c Spectroscopy (FTIR, RAMAN, UV-VIS, NMR, EPR, PALS) 
4.c 4.c 4.c 
4.c 4.c 4.c 

4.d Mass spectrometry 
4.d 4.d 4.d 
4.d 4.d 4.d 

4.e Luminescence spectroscopies 
4.e 

4.e  
4.e 

4.f Rheology, including viscosimetry 
4.f 4.f 

 
4.f 4.f 

4.g Mechanical testing (DMA, mechanical testing) 
4.g 4.g 

 
4.g 4.g 

4.h Transport properties (permeation, heat, …) 
4.h 

  
4.h 

4.i 
Microscopic techniques, including near field (optical, SEM, STIM, 
AFM, SNOM, …) 

4.i 
4.i  

4.i 

4.j 
Morphological characterization, crystallinity (XRD, SAXS, neutron 
diffraction, DSC,.) 

4.j 4.j 4.j 
4.j 4.j 4.j 

4.k Thermal properties (TGA, DSC) 
4.k 4.k 

 
4.k 4.k 

4.l Electrical properties 
4.l 

4.l 4.l 
4.1 

4.m Optical properties 
4.m 

4.
m 

 
4.m 

4.
m 

4.n Surface properties (contact angle, adhesion measurements) 
4.n 4.n 4.n 
4.n 4.n 4.n 

4.o Extraction techniques 
4.o 4.o 

 
4.o 4.o 

5. Theory, modelling, simulation    

5.a Molecular dynamics   
5.a 
5.a 

5.b Depth-dose deposition   
5.b 
5.b 

5.c Experimental design, optimization   
5.c 
5.c 

5.d Kinetics   
5.d 
5.d 

5.e Simulation of spectra (EPR, FTIR, ...)   
5.e 
5.e 

6. Other skills / knowledges    

6.a Literature research (scientific journals, proceedings, patents databases) 
6.a 

  
6.a 

6.b Statistical analysis of results 
6.b 

  
6.b 

6.c Communication (oral, written, digital) 6.c   
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Codes for Qualification level:     A: Beginner      B: Advanced       C: Expert 

 
 
 
 
 
 
 

6.c 

6.d Quality control 
6.d 

  
6.d 

6.e Ethical issues 
6.e 

  
6.e 
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ANNEX II 

CURRICULAR DESCRIPTION OF AN EXTENSIVE COURSE ON 
THE RADIATION CHEMISTRY OF POLYMER AND POLYMER-BASED 

MATERIALS 
 
Preliminary remark. This detailed curricular description is proposed by the participants 
of the Consultancy meeting “E-learning Module Development for Material Modification”. 
The domains of expertise of the participants cover almost all the sections of the present 
document. However, as per our recommendations, all the contents and segmentation in 
different levels should be subjected to peer-review, and agreed on, before starting the 
preparation of specific e-learning units or modules. 
 

1. Radiation Chemistry - Fundamentals 
 
1.a Radiation physics (radiation-matter interactions, radiation sources used for 
radiation chemistry and modification of materials, penetration and depth-
distribution) 
 
Level A 

- Energy scale and definition of ionizing radiation;  
- Types of ionizing radiation, direct and indirect action of radiation; 
- Interaction of charged particles with matter (ion collisions, inelastic electron 

scattering, radiation energy loss); 
- Energy dependence of ionization loss, linear and mass stopping power; 
- Interaction of high-energy photons with matter (photoelectric absorption, Compton 

scattering, formation of electron-positron pairs); 
- Mass attenuation and mass absorption coefficients for photon radiation, 

dependence on energy and atomic number of material; 
- Energy distribution of secondary electrons; 
- Linear energy transfer (LET) and its values for different type of radiations; 
- Spatial distribution of primary ionization events as a function of LET, formation of 

primary radiation-induced nanostructure (spurs and tracks); 
- General characteristic of radiation sources used in radiation chemistry and 

radiation processing; 
- Gamma-ray irradiators; 
- Electron accelerators and X-ray sources; 
- Penetration and dose-depth distribution for different radiation types 

Level B  
- Heavy ion sources for modification of polymer materials; 
- Detailed structure of heavy ion tracks and its visualization in polymers; 
- Thermal and mechanical effects of heavy ion irradiation 

 
Level C  

- Computational prediction of dose-depth distribution and its experimental 
verification; 

- New types of radiation sources (synchrotron etc.) 
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1.b Primary chemical events and time-scale 
 
Level A 

- Ionization and electronic excitation of molecules; 
- Role of low-energy electrons, dissociative electron attachment; 
- Ion-electron recombination; 
- Time scale in radiation chemistry, physical, physico-chemical and chemical stages  

Level B 
- Effect of diffusion on lifetime of tracks and spurs 
- LET effects on reaction kinetics (various examples) 

Level C 
- Simulation of spatial distribution and time evolution of ionization events 

 
1.c Reactive species (radical ions, electrons, excited states, free radicals, 
structure and properties) 
 
Level A 

- Structure and properties of primary radical cations; 
- Electron solvation and formation of radical anions, properties of solvated (trapped) 

electrons; 
- Properties of excited states, comparison with photochemistry; 
- Formation and basic properties of neutral free radicals  

Level B 
- Charge trapping in molecular solids and polymers; 
- Ion-molecular reactions of radical cations and their role in radiolysis; 
- Energy transfer (mechanism, distance and role in radiation chemistry of materials) 

Level C 
- Dynamics of electron localization and solvation 
- Prediction of reactivity of primary species using quantum-chemical methods and 

molecular dynamics simulation 

 
1.d Radiation chemical yields 
 
Level A 

- Definition of absorbed dose and absorbed dose rate, unit of measurements; 
- Definition of radiation-chemical yield (G), unit of measurements; 
- Practical ways of determination of G, initial and effective yields; 
- Typical G values for different-type processes 

 
Level B  
None 
 
Level C 
None 
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1.e Dosimetry (absolute dosimetry, routine dosimetry) 
 
Level A 

- Overview of physical and chemical methods of dosimetry; 
- Absolute (reference) dosimetry, calorimetric and ionization measurements; 
- Chemical dosimetry (general requirements, ferrosulfate dosimeter as an example); 
- Radiochromic dosimetry; 
- EPR (alanine) dosimetry  

Level B  
- Specific chemical dosimeters for high and low absorbed doses; 
- Dosimetry of intense pulse radiation; 
- Other types of dosimeters 

Level C 
None 
 
 
1.f Basic mechanisms of radiolysis in water and in organic media 
 
Level A 

- Radiolysis of water, general features and primary events; 
- Yields of radiolysis products in the microsecond time scale; 
- Reactions of reductive and oxidative products of the water radiolysis (eaq , H, 

OH);  
- Radiolysis of dilute aqueous solutions (with examples), effect of oxygen and pH; 
- Radiolysis of hydrocarbons (saturated, unsaturated, aromatic); 
- Overview of radiolysis of key functional compounds (alcohols, ethers, halogenated 

hydrocabons, carbonyl compounds, amines); 
- Effect of molecular structure on the yields of molecular and radical products in the 

radiolysis of organic compounds; 
- Radiation resistance and radiation sensitivity at molecular level 

Level B 
- Radiolysis of concentrated aqueous solutions, implications to radiobiology; 
- Radiolysis of bifunctional and polyfunctional compounds; 
- Selectivity of the radiation-chemical processes; 
- Approaches to radiation stabilization and radiation sensitization of organic 

substances 

Level C  
- Simulation of the in-spur kinetics in water radiolysis and its applications; 
- Specific features of the radiolysis of molecular crystals and glasses; 
- Effect of temperature on the radiation-chemical processes 
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1.g Basic free radical chemistry (basics, overview of the practical role of free 
radicals in polymers, in biology etc.) 
 

- Reactivity and types of reactions of free radicals; 
- Diffusion-controlled second-order reactions (recombination and 

disproportionation) 
- First-order radical reactions (hydrogen abstraction, addition to double bond, etc.) 
- Redox properties of free radicals; 
- Radiation-induced oxidation through free radical mechanism; 
- Peculiarities of the reactions of macroradicals in polymers, role of chain dynamics; 
- Role of free radicals in radiation damage of living systems 

Level B 
- Detection and characterization of free radicals by EPR spectroscopy and spin 

trapping technique; 
- Dispersive kinetics of radical reactions in condensed phase and polymers 

Level C 
- Computational simulation of the kinetics of radical reactions 

 
1.h Basic radiation chemistry of polymers (scission, cross-linking, radiation-
induced oxidation) 
 
Level A 

- General features of radiation chemistry of macromolecules; 
- Radiation-induced cross-linking and main chain scission, definition and 

classification;  
- Formation of gel, determination of the cross-linking and scission yields; 
- Effect of cross-linking and scission on basic macroscopic properties of polymers; 
- Radiation-induced oxidation of polymers; 
- Radiation resistance and stabilization of polymers 

 
Level B 

- Competition between cross-linking and scission, statistical approach. (variations of 
MW Mn and Mw before the gel point, gel contents and Charlesby-Pinner equation; 

- Effect of additives (cross-linking agents, plasticizers, etc.); 
- Specific features of radiolysis of copolymers and polymer blends 

 
Level C 

- Charge and energy migration in polymers, role of defects; 
- Limitations of statistical approach, role of crystallinity and morphology; 
- New approaches to controlling the radiation sensitivity of polymers 
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1.i Experimental approaches to study radiolysis 
 
Level A 

- Pulse radiolysis (general scheme, experimental design, application to kinetics of 
radical reactions); 

- Steady-state radiolysis; 
- Low-temperature stabilization of reactive species; 
- Chemical methods (scavenger approach)  

 
Level B 
None 
 
Level C 

- Nanosecond and picosecond pulse radiolysis, modern trends; 
- Matrix isolation in radiation chemistry 

 
1.j Methods for monitoring the radiation-chemical processes 
 
Level A 

- General classification and comparison of characteristics of monitoring methods 
(sensitivity, time resolution, informativity); 

- Electronic absorption (UV-vis) spectroscopy; 
- FTIR spectroscopy; 
- EPR spectroscopy; 
- Conductivity-based methods; 
- Luminescence-based methods  

 
Level B 
- Using EPR spectroscopy for determination of localization of radicals in polymers 
 
Level C 

- Pulsed magnetic resonance methods (pulsed EPR, ESEEM, etc.); determination of 
spatial distribution of radicals; 

- OD EPR and related methods for characterization of early events; 
- Time-resolved microwave conductivity; 
- Time-resolved IR spectroscopy… 

 
 
1.k Health Safety and Environmental impacts of radiation 
 
Level A 

- Introduction to the biological effects of ionizing radiation 
- ALARA principle: As Low As Reasonably Achievable 
- General aspects of radiation protection (shielding, detectors) 
- Stochastic and acute effects on human operators 
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- Regulatory dose limits 
- Controlling radiation dose (exposure dose, absorbed dose and equivalent dose) 

 
Levels B/C  
See Radiation Safety Officer 
 
 

2. Applications of Radiation Chemistry to Polymer-based Materials 
 
2.a Radiation-induced modification of polymer chains structure: crosslinking and 
scission 
 
Level A 
- Basics of radiation-induced effects of radiation on polymers 

 Definition of crosslinked polymer, inter- and intra-molecular reactions 
 General behavior of conventional polymers (polyolefins, PVC, polystyrene, PET, 

rubbers, poly-acrylates and -methacrylates, other condensation polymers, …) 
 Radiation resistance of aromatic polymers 
 Comparison with conventional crosslinking methods (peroxide, silane, …) 

 
- Applications of radiation induced cross-linking to thermoplastics and rubbers 

 Crosslinking of polymers in industry and medical applications  
 Electrical wire and cable - Self-regulating heaters 
 Shape memory products 
 Radiation processing for: the production of foams, 
 Rubber-based materials (tires, etc.) 
 Radiation long-chain branching and the crosslinking of polymeric films 
 Radiation crosslinking of medical devices (prosthetic materials, …) 
 Emerging applications of radiation: 
 Innovative high-performance carbon fiber thermoplastic composites 
 (self-healing polymer composites, conducting nano- and microcomposites 

as 
 sensors, new crosslinkable polymers) 

 
Level B 
- Detailed mechanisms and kinetics of radiation crosslinking 
- Determination of radiation chemical yields of crosslinking and scission (G(x) and G(s)) 

 Statistical description of competing cross-linking and scission 
 Precise determination of changes in molecular weight in irradiated polymers 
 Sol-gel analysis, gel fraction and swelling degree analysis 
 Charlesby-Pinner (CP) Relation (hypotheses relative to statistical occurrence of 

radiation-induced events, to MW distribution, experimental aspects, modified CP-
Rosiak relation) 

 Influence of crosslinking density on thermomechanical and rheological properties 
 Structural parameters affecting cross-linking (chemical constitution, MW, 

flexibility of polymer chains, polymer chain rigidity, irradiation temperature and 
Tg, dose rate effects, presence of oxygen and / or scavengers) 
Enhancement of crosslinking (high temperature, additive, plasticizers, crosslinking 
agent, fillers) 
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Level C 
- Controlled scission of polymers (polysaccharides, fluorinated polymers, recycling 
applications) 
- Radiation-induced oxidation of polymers 

 The importance of oxidation reactions in irradiated polymers (influence of 
irradiation conditions, immediate and long-term effects) 

 Influence of oxidation reactions on polymer properties (mechanical, color, 
surface) 

 Influence of polymer structure on their sensitivity towards oxidation 
 Radiation-induced oxidation of polymers 
 Chain kinetics of oxidation mechanisms 
 Post-irradiation oxidation 
 Prevention of oxidation using antioxidants (primary and secondary anti-

oxidants, modes of action, assessment of efficiency, …) 
 
2.b Radiation-induced polymerization (including curing by XL-polymerization, 
coatings, composites) 
 
Level A 
- Basic aspects of radiation-induced chain polymerization 

 mechanistic and kinetic aspects of free radical and cationic polymerization 
(initiation, propagation, transfer, termination) 

 monomers and prepolymers commercially available, tailor-made monomers 
 microstructure and architecture of the resulting polymers and networks 
 monitoring of radiation-induced polymerization 
 synthesis of linear polymers by emulsion polymerization 
 cross-linking polymerization 
 specific features of radiation-induced initiation and influence of processing   
 conditions 
 examples of applications: potentialities of UV and high energy radiation in 

various domains of application (inks, paints, coatings, adhesives) and for 
composite fabrication 

 
Level B 
- Applications of radiation-induced cross-linking polymerization  

specific demands in terms of performances in the fields of protective or functional 
coatings, of adhesives, and high performance composites 
polymerization kinetics (basic and practical aspects) 
 

- Thermal aspects of radiation-curing 
conversion of radiation energy 
polymerization enthalpy 
heat transfer in irradiated materials, molds and substrates 
 

- Advanced formulation of matrix precursors 
 mechanical properties of cured films and composite materials 
 control of mechanical properties, improvement of toughness 
 control of adhesion and of other functional properties interactions between 

fillers or fibers and radiation cured matrices 
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- Ageing of radiation-cured materials 
- Optimization by experimental design 
 

2.c Graft polymerization 
 
Level A 
- Introduction, basic terms and definitions, industrial importance 
- Basic techniques for radiation-induced grafting 

 mutual or simultaneous graft polymerization  
 pre-irradiation method and peroxidation 
 comparison of the different methods 
 consideration of substrate and monomer types (G(P•), G(M•))  
 grafting onto different substrates (polymer and inorganic) 
 bulk and surface modification by radiation grafting 
 factors affecting grafting efficiency 
 

- Industrial applications 
 examples of technology transfer 
 emerging applications 

 
Level B/C 
- Advanced grafting techniques 

 controlled free radical polymerization (RAFT, NMP, ATRP) 
 RAFT mediated grafting and parameter effects ((RAFT agents, reactivity of 

monomer, mechanism, removal of RAFT agents, dose rate, dose) 
 influence of key parameters (type of radiation, dose rate, dose, monomers type 

and concentration, gel effect, substrate, diluent, temperature, inhibitor, acid) 
 
- Advanced characterization of grafted materials 

 chemical composition of grafted materials 
 molecular characteristics of grafted polymers 
 distribution of grafts in bulk materials and on grafted surfaces 
 effects (damage, protection, …) to the grafted substrate 

 
- Examples of functionalization of bulk materials, membranes and surfaces for the 
development of functional materials: 

 Metal extraction from aqueous media for environmental remediation and for 
isolating rare metals of interest (heavy metals in liquid effluents, U from seawater, 
Sc from hot springs, …) 

 Ultra-pure water production and air filtration 
 Membranes for batteries and supercapacitors 
 Polyelectrolyte membranes for fuel cells 
 Surface grafting for improving the biocompatibility and the functionality of 

biomaterials 
 Radiation-grafted cell culture dishes 
 Antibacterial and antimicrobial surface by radiation 
 
- Scale-up considerations for industrial applications, precautions and safety in grafting 
procedures 
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2.d Hydrogel synthesis and properties 
 
Level A 

- Basic principles of hydrogel formation (crosslinking of hydrosoluble polymers, 
polymerization of hydrophilic monomers and of their blends in aqueous solution or 
in other media) 

- Introduction to water-soluble and cross-linkable polymers, neutral polymers and 
polyelectrolytes 

- Examples of radiation cross-linking of water-soluble polymers and blends 
- Cross-linking polymerization of hydrophilic monomers 
- Determining of gel fraction and swelling degree, crosslinking density 
- Introduction to nanogels 
- Main applications of hydrogels (healthcare, beautycare, cleaning of painted 

artefacts, environmental and agricultural uses) 
 
Level B 

- Study of parameters affecting hydrogel formation by radiation processing (dose rate 
and absorbed dose, concentration, polymer-polymer interactions, polymer-solvent 
interaction, additive, etc.)  

- Advanced characterization of hydrogels (effect of temperature on degree of 
swelling and on swelling kinetics) 

- Introduction of stimuli-responsive segments in hydrogels 
- Biocompatibility of hydrogels used for medical and cosmetic applications 
- Development of commercializable process for producing hydrogels using radiation 

 
Level C 

- Synthesis of nanogels for advanced applications 
- Control of nanogel composition and dimensions 
- Characterization of nanogels 
- Structure-properties relations for nanogels 
- Optimization of nanogel properties and functionalities 
- Biocompatibility of nanogels 

 
 
2.e Radiolytic synthesis of metal nanoparticles and hybrid nanocomposites 
 
Level A 
- Definition of nanoparticles and nanocomposites 
- Basic mechanisms of radiolytic reduction of metal ions, nucleation and growth of 
nanoparticles 
- Controlling the nanoparticle size and size distribution 
- Basic characterization of metal nanoparticles (surface plasmon resonance, TEM) 
- Stabilization of nanoparticles (polymers, surfactants) 
- Effect of radiation parameters (absorbed dose, dose rate, radiation type and energy) on 
nanoparticle formation 
- Overview of potential applications in catalysis, medical diagnostics and therapy, 
sensors, optical and magnetic materials 
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Level B 
- Use of specific templates for the radiation-chemical synthesis of nanoparticles, 

control of growth 
- Bimetallic nanoparticles 
- Peculiarities of the formation of nanoparticles under pulsed irradiation, under X-ray 
- Advanced characterization of metal nanoparticles (DLS, zeta potential, XRD, 

SAXS) 
- Nanocomposites by radiation processing of polymer-metal ion complexes 

 
Level C 
- Tailored synthesis of metal nanoparticles and nanocomposites for targeted applications 
 
 
2.f Radiation chemistry of polysaccharides 
 
Level B 
- Polysaccharides origin, source and properties 

 Structure and properties of polysaccharides 
 Extraction, purification, processing  
 Viscosimetric and spectroscopic characterization 
 Fine tuning of structure 
 Industrial applications (food, healthcare, adhesives, paper, environmental) 

 
- Radiation modification of polysaccharides 

 Irradiation of polysaccharides in the solid state 
 Irradiation of polysaccharides in aqueous solution 
 Radiation grafting on polysaccharides (cellulose and other polysaccharides) 
 Radiation cross-linking of polysaccharides (cross-linking mediated by alkyne gas 

or in the paste-like state, …) 
 Radiation treatment of natural fibers 
 Post-irradiation effects 
 Applications 

 
- Analytical techniques for the characterization of polysaccharides  

 Water sorption and solubility (Percentage loss on drying, solubility, 
swelling) 

 Viscosimetry Limiting viscosity number (intrinsic viscosity) 
 Chromatography SEC,   
 Light scattering 
 GPC-MALLS 
 Dynamic light scattering (DLS) 
 Rheological properties (complex viscosity, Cox–Merz relationship, 

gelation) 
 Atomic force microscopy 

 
 
Level C 
- Effect of polysaccharide structural parameters and of additives on radiation-induced 
degradation  
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 Effect of mannose–galactose ratio (M/G) on the radiation stability of 
galactomannans 

 Effect of guluronic acid/mannuronic acid ratio on the radiation-induced 
degradation of alginates 

 Effect of the degree of deacetylation (DD) on the radiation-induced degradation of 
chitosan 

 Influence of glycerol and aromatic additives on the radiation-sensitivity of 
polyglucans (starch, maltodextrine, pullulan) 

 Other practical applications ….. 
 
2.g Radiation chemistry of fluorinated polymers 
 
Level C 

- General introduction for fluorinated polymers 
- Fundamental differences between the radiation chemistry of fluoropolymers and 

their hydrocarbon analogues 
- The radiation chemistry of fluoroplastics 
- The radiation chemistry of fluoroelastomers 
- Radiation chemistry of miscellaneous fluoropolymers 
- Advanced applications as membrane, lubricants, coatings, radiation-resistant 

materials, etc. 
 
 
2.h Surface modification 
 
Spread in other sections (grafting, oxidation, cross-liking, morphological changes) 
 
 
2.i Membrane preparation and modification, track-etched membranes 
 
Levels A/B to be developed (see grafting, CRPs dedicated to membranes and their 
applications) 
 
Level C 

- Track-etched membranes 
- Concept and mechanism of ion-track on polymers and materials 
- Types, sources and features of heavy ions 
- Interaction of heavy ions with organic and inorganic matters 
- Transport of ions in matter by SRIM calculation 
- Parameters affecting the structure of the ion-track membranes (ion type, fluence, 

ion energy, substrate material, development of latent tracks, …) 
- Chemical etching condition, sensitization 
- Modification of ion tracks 
- Specific methods of characterization 
- Applications for separation, detection, electronic devices, use as templates 
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2.j Overview of industrial sterilization and food preservation using irradiation 
 
Level A 

- Introduction to radiation sterilization 
- Basic radiation microbiology 
- Direct and indirect action in biological systems  
- Dose-response relationship in biological systems  
- Establishing the sterilization dose 
- Validation of radiation sterilization process 
- Risk analysis for radiation sterilization process 

 
2.k Elaboration of biomaterials 
 
2.l Design of radiation-resistant materials 
  
2.m Radiation modification of polymers for specific applications 
 

- Energy (production, conversion, storage), Supported catalysts,  
- Environmental applications, Preservation of cultural heritage,  
- Active packaging materials, Sensors and detectors, 
- Lithographic methods and electronics 

 
See corresponding activities supported by IAEA CRPs 

 
 

3. Irradiation methods 
 
Level A 
3.a Radiation sources and accelerator technologies 
 

- Overview of isotope sources (alpha, beta, gamma) 
- Industrial gamma sources (Co-60, Cs-137) 
- Accelerators (electrons, swift ions, x-ray converter) 

 
3.b Practical conditions for industrial radiation processing 
 

static and dynamic irradiation, conveyor systems, single/double-side irradiation, 
loading/unloading machinery, counting, reporting, interlock 
shaping of radiation field, homogeneity and stability of electron beam energy and 
current, monitoring and control of penetration depth, charge flux integration and 
measurement 
sample holders, tools and environmental conditions for in-situ measurements, 
introduction to pulse irradiation 

 
 
3.c Control of processing parameters 

- Dose and dose rate 
- Temperature, atmosphere (moisture, oxygen, reactive or inert gases) 
- Pre-conditioning of samples 
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- Post-irradiation conditioning and storage 
 
 

4. Characterization techniques for radiation-processed materials 
 
Note: There are basic knowledge that are common to all techniques referred, namely: 

- Atomic structure of matter 
- Electromagnetic spectrum 
- Basic thermodynamic parameters 
- Principles of data analysis 
- Assessment of errors and statistical treatment 

 
4.a Elemental composition and distribution (elemental analysis, XPS, EDX, PIXE…) 
 
Level A 

- Techniques for elemental analysis (CHNS/O analyzers, XPS, EDX, PIXE), 
- Principles of main elemental analyses techniques 
- Residual concentrations (ppm, ppb),  
- Material homogeneity, 
- Basic data analysis (elements distribution profiles)  

 
Level B 

- X-ray emissions, fluorescence, determination of errors, complementary data 
analysis 

- Metal content/contamination, 
- Instrumentation and detectors,  
- Sources of X-ray based analytics,  
- Complementary and correlational data analysis. 

 
Level C 
None 
 
4.b Chromatographic techniques (GC, HPLC, SEC and coupled techniques) 
 
Level A 

- Chemical affinity,  
- Instrumentation for different techniques 
- Sampling 
- Principles of complementary (coupled) techniques 

 
 
Level B 

- Types of columns vs target components, 
- Flow rate conditions 

 Optimization of the mobile phase, gradients, temperature, choice of detector(s) 
 
Level C 

- Coupled and correlational data analysis 
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4.c Spectroscopy (FTIR, RAMAN, UV-VIS, NMR, EPR, PALS) 
 
Level A 
- Basics of FTIR spectroscopy, instrumental aspects; 
- Determination of functional groups, application to oxidation of polymers;  
- Chemical environment and intermolecular interaction impact  
- Quantitative analysis by FTIR spectroscopy; 
- Electronic absorption (UV-vis) spectroscopy, basics and application to polymers; 
- Basics of EPR spectroscopy; 
- Application of EPR for determination of radical yields and kinetics of radical 

reactions in irradiated polymers 
 Liquid state NMR for chemical analysis  
 
Level B 

- ATR FTIR spectroscopy, analysis of surface modification of polymers; 
- Raman spectroscopy (basics and application to polymers); 
- Solid-state NMR, basics and instrumental aspects; 
- Solid-state NMR – application to polymers, determination of cross-linking by           

NMR, 
- Relaxometry, chemical shift analysis; 
- Determination of radical structure and conformation in polymers by EPR 

 
Level C 

- Applications of EPR for study of radical dynamics and localization; 
- Spin-probe and spin-label techniques; 
- PALS spectroscopy: basics and application for determination of free volume 

distribution and inter-chain distance in polymers 
- Multispectral analysis of material structure and composition 

 
4.d Mass spectrometry 

 
Level A 

- Principles of MS  
- Elemental and isotopic signature of a molecule,  
- Principles of data analysis in mass spectrometry 

 
Level B 

- Sources of ionization,  
- Different modes of MS (MALDI-TOF, ESI) 
- Sampling 

 
Level C 

- Use of complementary analytic methods for structural determination 
 
 
4.e Luminescence spectroscopies 
 
Level A 

- Basic principles of materials light-emitting processes,  
- Instrumental aspects, 
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- In situ luminescence and thermal luminescence (RTL) 
- Determination of chain dynamics and relaxation in polymers by RTL 

 
Level B 

- Sampling 
- Effect of impurities 

 
Level C 
None 
 
 
4.f Rheology, including viscosimetry 
 
Level A 

- Basic definitions (laminar and turbulent flow, dynamic kinematic viscosities, 
temperature dependence, flow properties, soft solids, importance of shear rate, 
shear thinning and shear thickening, Newtonian liquids, Non-Newtonian liquids, 
thixotropic and rheopectic behaviors) 

- Instrumental aspects (e.g. Ubbelohde viscometer, rheometers) 
- Melt flow viscosity for thermoplastics 

 
 
Level B 

- Viscosity of polymers in dilute solutions (determination of intrinsic viscosity, 
Mark-Houwink-Sakurada relation, Mv determination, signification of the alpha 
exponent, theta conditions, scope and limitations of the method) 

- Viscosity of polyelectrolytes, effect of ionic strength 
 

Level C 
None 
 
 
4.g Mechanical testing (DMA, mechanical testing) 
 
Level A 

- Basic of mechanical testing (forces, action/reaction principle, Young’s modulus, 
tensile strength, flexibility, plasticity) 

- Deformation behavior,  
- Thermomechanical analysis (DMA, TMA) 

 
Level B/C 

- Sampling (specimen formats for mechanical testing) 
- Standard tests (impact resistance, fatigue tests) 
- Toughness measurements 
- Statistical treatment of mechanical tests 

 
Level C 
None 
 
4.h Transport properties (permeation, heat, …) 
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Level A 
- Basic parameters affecting transport properties of materials (structure defects, 

porosity, 3D-porous structure) 
- Permeation processes in polymers (solubility, diffusion), Theoretical models for 

molecular diffusion (Fick’s laws) 
- Instrumentation for measurements of permeation parameters 
- Influence of structure on transport properties, barrier materials 
- Instrumentation for gas permeability measurements 

 
Levels B/C 
None 
 
 
4.i Microscopic techniques, including near field (optical, SEM, STIM, AFM, SNOM, 
…) 
 
Level A 

- Basics of optical microscopy (near-field and far-fields components of light) 
- Optical microscopy techniques 
- Basics of electronic microscopy 
- Instrumentation for TEM and SEM  
- Sampling for electronic microscopy 
- Principles of data analysis 

 
Level B 

- Basics and instrumental aspects of AFM, STM and STIM  
- Image analysis and interpretation 

 
Level C 
None 
 
 
4.j Morphological characterization, crystallinity (XRD, SAXS, neutron diffraction, 
DSC, …) 
 
Level A 

- Concepts of structural organization and morphology 
- Principles of XRD and application to polymers 
- Basics of DSC analysis 
- Determination of crystallinity by XRD and DSC 

 
Level B 

- Principles of SAXS and its application in the determination of crystals size and 
nanostructure pattern 

 
Level C 

- Principles of neutron diffraction 
- X-ray and neutron detectors (resolution and efficiency of detectors) 
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4.k Thermal properties (TGA, DSC) 
 
Level A 

- Basics of thermal analysis 
- Instrumentation for thermal analysis 
- Properties determined by thermal analysis (melting parameter, thermal stability, 

gas evolution, desorption processes, water content) 
- Determination of glass temperature 
- Degradation kinetic studied by thermal analysis 

 
Level B 

- Dose and dose rate effect on polymers thermal stability, melting enthalpy and 
glass temperature (experimental determinations by thermal analysis)  

 
Level C 
None 
 
 
4.l Electrical properties 
 
Level A 
 Basic concepts and definitions (conductivity, resistivity, resistance) 

- Peculiarities of conductivity and charge transport in polymers  
- Measurement of electrical properties (e.g. bridge methods, cyclic voltammetry) 
- Instruments for conductivity measurements (steady state and time resolved) 

 
Level B 

- Dielectric spectroscopy of polymers (complex permittivity, loss tangent) 
- Polarization processes in polymers  
- Characterization of semiconductors and conducting polymers (bands of 

conduction, doping processes) 
 
Level C 

- Properties of polymer electrolytes 
- Characterization of materials related to electronic industry applications 

 
4.m Optical properties 
 
Level A 

- Characterization of optical properties of polymers affected by radiation (color, 
transparency, reflectance and scattering) 

 
Level B 

- Evaluation of radiation effect on waveguides  
 
Level C 
None 
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4.n Surface properties (contact angle, adhesion measurements) 
 
Level A 

- Basics of surface morphology and topography characterization 
- Measurements of important surface parameters (surface tension, contact angle) 

 
 
Level B 

- Measurement of Zeta potential for determination of free surface energy and 
chemical affinity 

- Adhesion measurements 
 
Level C 

- Dynamic determination of contact angle and effect of temperature 
 
4.o Extraction techniques 
 
Level A 

- Basic of extraction techniques (chemical affinity, elution processes, swelling 
effect of solvents) 

- Methods of extraction (sol-liq extraction, liq-liq extraction, sol-gas extraction, liq-
gas extraction, continuous extraction processes, Soxhlet extraction, low pressure 
distillation) 

- Assembling of Soxhlet extraction system, choose of extracting solvents 
- Determination of extraction efficiency 

 
Level B 

- Control of low pressure distillation 
 
Level C 
None 
 
 

5. Theory, modelling, simulation 
 
 
All the following at Level C 
 
5.a Molecular dynamics 
 
5.b Depth-dose deposition 
  
5.c Experimental design, optimization 
  
5.d Kinetics 
  
5.e Simulation of spectra (EPR, FTIR, ...) 
  

6. Other skills / knowledges 



F2-CS-1804866/ “Consultancy Meeting”, Vienna, Austria, August 2019 

 
 

31 

 
All the following at Level A 

 
6.a Literature research 
  
6.b Statistical analysis of results 
  
6.c Communication (oral, written, digital) 
  
6.d Quality control 
  
6.e Ethical issues 
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ANNEX III  

TENTATIVE TIMELINE FOR DEVELOPING E-LEARNING MODULES 
 

 

No. Activities  Years 
2020 2021 2022 2023 2024 

1 Fundamentals of Radiation Chemistry      

 Level A: Beginner 1.a 
1.b 
1.c 
1.d 
1.e 

1.f 
1.i 
1.j 
1.k 

   

 Level B: Advanced   1.a 
1.b 
1.c 
1.d 
1.e 

1.f 
1.j 

 

 Level C: Expert    1.a 
1.b 
1.c 
1.d 

1.f 
1.i 
1.j 

2 Applications of Radiation Chemistry to Polymer-based Materials      

 Level A: Beginner 2.a 
2.b 
2.j 

2.c 
2.d 
2.e 

   

 Level B: Advanced  2.a 
2.b 

2.c 
2.d 
2.e 

  

 Level C: Expert   2.a 2.g 
2.h 
 

2.g 

3 Irradiation methods      

 Level A: Beginner 3.a 3.b 
3.c 

   

4 Characterization techniques for radiation-processed materials]      

 Level A: Beginner 4.b 
4.c 
4.f 
4.g 

4.a 
4.g 
4.h 
4.j 
4.k 
4.o 

4.d 
4.e 
4.l 
4.m 
4.n 

  

 Level B: Advanced  4.b 
4.c 
4.f 
4.g 

4.a 
4.g 
4.h 
4.j 
4.k 
4.o 

4.b 
4.c 
4.d 
4.j 
4.l 
4.n 
4.m 

 

 Level C: Expert    4.b 
4.c 
4.d 

4.j 
4.l 
4.n 

5 Theory, modelling, simulation      

 Level C: Expert  5.b 
5.d 

5.c 
5.e 

5.a 
 

 

6 Other skills / knowledges Permanent 
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ANNEX IV 

 

IAEA Consultancy Meeting on 
“Development of an E-learning Module on Material 

Modification by Radiation” 

August 26-29, 2019, Vienna IAEA HQ (M0E67) 

MEETING AGENDA 

Monday, 26 August 2019 

08:00 - 09:00 Registration at the Gate 1, IAEA headquarters, VIC 

Session I: Introductory Session 

09.00 - 09.30 Opening of the meeting by: 
-     Ms Melissa D, Director of NAPC (IAEA) 
- Mr Joao Alberto Osso Junior, Section Head of RPRT (IAEA) 
- Mr Bumsoo Han, Scientific Secretary, RPRT (IAEA) 
- Ms Celina Horak, RPRT (IAEA) 
- Ms Dinara Abbasova, RPRT (IAEA) 

 
Scope and Objectives of the Meeting, Adoption of the agenda 
Election of the chairperson of the meeting, introduction of participant  

Session II: Participants’ Presentations 

09:30 – 10:20 
Mr Xavier Conqueret 

(France) 

Lessons learned from recent training 
activities in Material science and 

Radiation processing  

10:20 – 10:50 Coffee Break 

10:50 – 11:40 
Ms Yongxia Sun 

(Poland) 
Radiation technology application in 

material modification 

11:40 – 12:30 

 
Mr Luis Miguel Mota 

Ferreira 
(Portugal) 

 
Radiation Synthesis and 

Functionalization of Polymeric Based 
Materials, Content Considerations for a 

Web-based E-learning Module  
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12:30 – 14:00 Lunch Break 

14:00 – 14:50 
Mr Vladimir Feldman 

(Russia) 

Experience of teaching radiation 
chemistry and radiation modification of 
materials at Lomonosov Moscow State 

University, Russia 
 

14:50 – 15:40 
   Ms Wanvimol 

PASANPHAN (Thailand) 

Trend and Opportunity of E-learning to 
Move Forward the Education in 

Materials Modification by Radiation 

15:40 – 16:10 Coffee Break 

16:10 – 17:00 
 

 Discussion on Current Status and Recent Issues on the Materials 
Modification by Radiation in Member States 

Tuesday, 27 August 2019 

Session III & IV: Status of the Materials Modification by Radiation in Member States 

09:00 – 10:30 
  

Discussion on Current Status and Recent Issues on the Materials 
Modification by Radiation in Member States 

10:30 – 11:00 Coffee Break 

11:00 – 12:30 
Discussion on Current Status and Recent Issues on the Materials 

Modification by Radiation in Member States 

12:40 – 14:00 Lunch Break 

14:00 – 15:30 
Discussions on Industrial demands of innovative materials and 

Perspective Applications of Materials Modification by Radiation 

15:30 – 16:00 Coffee Break 

16:00 – 17:30 
Discussions on Facilities Maintenance in Industrial scale for 

Materials Modification by Radiation 

17:30 – 18:00 Finalize and document the discussion 

Wednesday, 28 August 2019 

Session V & VI: The Advanced Approaches in Education and the Role of the IAEA 

09:00 – 10:30 
 Discussion on the Advanced Approaches on developed 
Educational Training Course (Web-Based e-learning)   

10:30 – 11:00 Coffee Break 

11:00 – 12:30 
  Revision and Discussion of the Developed E-learning Module for 

Material Modification by Radiation     
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12:40 – 14:00 Lunch Break 

14:00 – 15:30 
   Revision and Discussion of the Developed E-learning Module 

for Material Modification by Radiation 

15:30 – 16:00 Coffee Break 

16:00 – 17:30 
Discussion of the enrolment of the Member States to  

E-learning Module for Material Modification by Radiation on 
CLP4NET  

17:30 – 18:00 
 

Finalize and document the discussion 
 

Thursday, 29 August 2019 

Session X: 
 
Final Review and Acceptance of Meeting Report 
  

09:00 – 10:30 
Drafting of the meeting report  

(scope/contents/structure/conclusions/recommendations) 

10:30 – 11:00 Coffee Break 

11:00 – 12:30 
Drafting of the meeting report  

(scope/contents/structure/conclusions/recommendations) 

12:40 – 14:00 Lunch Break 

14:00 – 16:00 
 

Review and acceptance of the meeting report 
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ANNEX V  

F2-CS-1804866 
Consultancy Meeting on the Development of an E-learning Module on Material 

Modification by Radiation  
Vienna, Austria 

26 to 29 August 2019  
 

List of Participants 
(as of 2019-06-19) 

 

S. No. Authority Personal Details 
1 France Mr Xavier COQUERET 

Université de Reims Champagne-Ardenne 
Institut de Chimie Moléculaire 
B.P. 1039 
51 687 REIMS CEDEX 
FRANCE 
Tel: +33 326913338 
 
Email.: xavier.coqueret@univ-reims.fr 

2 Poland Ms Yongxia SUN 
Institute of Nuclear Chemistry and Technology 
ul. Dorodna 16 
03-195 WARSAW 
POLAND  
Tel: +48 22 5041368 
 
Email.: y.sun@ichtj.waw.pl 

3 Portugal Mr Luis Miguel MOTA FERREIRA 
Centro de Ciências e Tecnologias Nucleares 
Instituto Superior Técnico 
Estrada Nacional 10, Km 139,7 
2695-066 BOBADELA 
PORTUGAL  
Tel: +351 21 994 6066 
 
Email.: ferreira@ctn.tecnico.ulisboa.pt 

4 Russian Federation Mr Vladimir FELDMAN 
Lomonosov Moscow State University, Department of Chemistry 
Leninskie Gory 1 
Building 3 
119991 MOSCOW 
RUSSIAN FEDERATION  
Tel: +74959394870 
 
Email.: feldman@rc.chem.msu.ru 

5 Thailand Ms Wanvimol PASANPHAN 
Kasetsart University 
Faculty of Science 
Department of Materials Science 
Ngam Wong Wan Rd 
10900 BANGKOK 
THAILAND  
Tel: +669 09735365 
 
Email.: wanvimol.p@ku.ac.th 
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S. No. Authority Personal Details 
6 IAEA Mr BumSoo HAN 

Scientific Secretary 
Vienna International Centre 
P.O. Box 100 
Wagramer Strasse 5 
1400 VIENNA 
AUSTRIA 
 
Email: B.S.Han@iaea.org 

7 IAEA Ms Celina HORAK 
Vienna International Centre 
P.O. Box 100 
Wagramer Strasse 5 
1400 VIENNA 
AUSTRIA 
 
Email.: C.Horak@iaea.org 

8 IAEA Ms Dinara ABBASOVA 
Vienna International Centre 
P.O. Box 100 
Wagramer Strasse 5 
1400 VIENNA 
AUSTRIA 
 
Email.: D.Abbasova@iaea.org 

 
 


