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International Atomic Energy Agency (IAEA)

Atoms for Peace (1953)
addressed by D.Eisenhower, y ,
to the 470th Plenary Meeting 
of the UN GA

Founded 1957
HQ in Vienna, Austria
146 Member States
6 Divisions
2300  Staff
About 300 MEuro Budget  
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www.iaea.org 



The Nobel Peace Prize 2005

"for their efforts to prevent nuclear energy from being 
used for military purposes and to ensure that nuclearused for military purposes and to ensure that nuclear 
energy for peaceful purposes is used in the safest 
possible way"
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Pillars of the IAEA

• Promoting Science & Technology 
the world's focal point to mobilize peaceful applications of nuclear    

science and technology for critical needs in developing countries

• Promoting Safeguards & Verification:
the world's nuclear inspectorate

• Promoting Safety and Security
h l t i t d l f t d ithelps countries to upgrade nuclear safety and security

IAEA’s 50 Years of Atoms for Peace (2007)
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IAEA in UN system
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IAEA organizational chart 

NAPC / PS 

Programmatic under NEProgrammatic under NE

Managed by NA
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IAEA's Laboratories Seibersdorf and Vienna

Environmental Protection

Conduct research into animal health

Develop new plants for harsh environments
Conduct research in Sterile Insect Technique
Strengthen MS capacity to measure radioactivity in the environment
QA/QC of radiation dosages in medicine and industrial applicationsQA/QC of radiation dosages in medicine and industrial applications
Provision of analytical services, and development of nuclear methods 
& instrumentation 
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IAEA's Laboratories in Monaco

Research for the protection of the marine environment from 
radioactive and non-radioactive pollution. 

Applications of nuclear & isotopic techniques for tracking 
oceanic processes, understanding marine ecosystems and 
assessing pollution impacts.assessing pollution impacts. 

Expertise, training & Reference Materials essential for Member 
States' commitment to the sustainable development and monitoring 
of their marine environmentsof their marine environments. 

Strategic partnerships with international organisations and other 
UN ocean agencies (IOC/UNESCO, UNEP, UNDP, IMO) to deliver the 
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UN-WSSD programs on sustainable development of the ocean. 



Education & training activities

Support of international and regional education and 
training courses
Cooperation with ICTP  and other collaborating 
centres (ANSTO RID Elletra etc )
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and the next fifty years

centres (ANSTO, RID, Elletra, etc.)
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Profile of the Physics Section

The Physics Section supports theThe Physics Section supports the 
IAEA Member States regarding 
utilization of:

Accelerators
Research reactorsResearch reactors
Cross-cutting material research
Controlled fusion
(Nuclear instrumentation)
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Application of accelerators:

Accelerators and its application 
in research and industryin research and industry.
Particle and X-ray sources
Various probing methodsVarious probing methods
Development of advanced 
materials and simulation of 
various processes in energy 
systems (fission, fusion)
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Applications of RRs:

Irradiation programmes (radio-
isotopes R&D structuralisotopes, R&D structural 
materials…)
Training activities (high-skilled staffTraining activities (high-skilled staff, 
under-graduated students)

Basic & applied science (neutron physics & 
neutron based techniques)
Non-nuclear applications (biology, medicine, 
semiconductors/electronics…).
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Materials science

Studies of present NPP structural materials
Investigation of degradation mechanismsInvestigation of degradation mechanisms
Contribution to R&D programmes of new materials

NPP Roadmap

R&D process
future

GEN II

GEN III
In coming years

future
SCWR Super Critical Water Reactor
VHTR Very-high Temperature GCR
GCR Gas-Cooled Fast Reactor
Na FR Na-cooled FR
LFR Pb(Bi) FR

GEN I 
Early 
t t

GEN II
Commercial reactors MSR Molten Salts Reactor
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2020



Nuclear instrumentation

Support of nuclear instrumentation 
in developing countriesin developing countries
Promotion new instrumentation 
methods (e g digitalization)methods (e.g. digitalization)
Development of QA/QC procedures 
and protocolsand protocols
Training activities (high-skilled staff, 
under-graduated students)under graduated students)
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ICTP-IAEA Workshop

Main purpose: 
Provide state of the art information about modernProvide state-of-the-art information about modern 
nuclear, accelerator and research reactor based 
techniques used for simulation and studies oftechniques used for simulation and studies of 
radiation damage in reactor core structural 
materials
Overview of advanced physical models and 
computational codes developed for prediction of 
high-dose radiation effects. 
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ICTP-IAEA Workshop

Theme of this Workshop is in accordance with the 
rationale of IAEA’s programme:rationale of IAEA s programme:

1.1.4 (INPRO), 1.1.5 (Technology development for 
advanced reactor lines), 1.2.2 (Nuclear power reactor ), ( p
fuel engineering), 1.2.4 (Nuclear fuels and fuel cycles 
for advanced and innovative reactors), 1.4.2.1 
(Enhancement of utilization and applications of(Enhancement of utilization and applications of 
Research Reactors), 1.4.3.1 (Improvement of 
knowledge and data for the design and engineering of g g g g
advanced materials of economic importance), 1.4.4 
(Nuclear fusion) Nuclear Science Programme (1.4) 
t d ti t i l h f d d
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towards supporting materials research for advanced 
reactors 



ICTP-IAEA Workshop

This event provides unique opportunity to get 
consistent information on basic physical processes ofconsistent information on basic physical processes of 
radiation damage as well as overview of structural 
materials for fission and fusion reactors including g
related R&D activities.

24 lectures by 7 experts
Poster sessions for participants
Selected attendees can give short oral presentation
Participants will get official CERTIFICATE however full 
presence during the workshop is required
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CRP Outputs
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CRP Outputs
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Coordinated Research Project 1

Accelerator Simulation and Theoretical Modeling 
of Radiation Effects (Jointly NA-NE) 

Better understanding of radiation effects and 
mechanisms of material damage and basic physics 
of accelerator irradiation under specific conditions.of accelerator irradiation under specific conditions. 
Contribution to developmental of theoretical models 
for radiation degradation mechanism
I t f k l d d d t f th tImprovement of knowledge and data for the present 
and new generation of structural materials
Fostering the advanced or innovative technologies g g
by promotion of information exchange, collaboration 
and networking.
Launched 1/2009 13 MS (BEL CHN EC ESP FR
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Launched 1/2009, 13 MS (BEL, CHN, EC, ESP, FR, 
IND, POL, RUS, SVK, UKR, USA)



Coordinated Research Project 2

Large sample neutron activation analysis (LSNAA)
Development of new technique for analysis ofDevelopment of new technique for analysis of 

inhomogeneous samples (archaeology, geology, 
waste and sediments, etc).
Harmonisation of new technique for bulk sampleHarmonisation of new technique for bulk sample 

analysis
Establishment of QA/QC procedures for sample 

i di ti d d t t t t f b th hirradiation and data treatment for both, research 
reactor and accelerator based neutron sources
Launched 1/2009, 15 MS (BRA, CHN, EGY, GHN, , ( , , , ,

GRE, IND, JAP, MAL, NET, PER, ROM, SYR, THA, 
USA 
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Coordinated Research Project 3

Application of Nuclear Methods in Microstructural
Characterisation and Performance Testing Of 
M i l f H d F l C ll d SMaterials for Hydrogen Fuel Cell and Storage 
Technologies

Contribution to the R&D programs related to theContribution to the R&D programs related to the 
hydrogen fuel cell and storage material
properties.
Improved methodology for testing of hydrogenImproved methodology for testing of hydrogen 
fuel cell and storage material properties.
Enhancement of knowledgebase and 

t th i f t ki d t f fstrengthening of networking and transfer of 
knowledge between scientists from developed and 
developing countries.
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To be launched 11/2009, 15 MS expected



Nuclear techniques (1/2):

Important nuclear methods for studies of materials related to 
Fuel cells and hydrogen cycle technologies:

N u cl ea r tec hn i qu e F ue l ce lls H y d ro g en  s to ra g e

N e u tro n  d iffrac tio n  (N D ) C rys ta l s tru ct u re 
d eterm in at io n , m o l ten  
carb o n at es , in cl u d in g  L i C o O 2, 
so l id  o x id e s (N i-Z r,Y ). 

C ry st al s t ru ctu re  
d ete rm in a tio n . 

Sm all -an g le n eu tro n  
sc att erin g  (S AN S ) 

G as  d iffu s io n  e lec tro d es , 
St ru ctu re o f i o n o m er 
m em b ra n e an d  s u s p en s io n s  
(ex -s itu ), N i el ect ro d e 
m ic ro po ro s it y , m et all ic c lu s ter 
d is trib u t io n  in  P E F C .  

Si ze a n d  sh ap e  o f 
n an o p art icl es  an d  n an o p o re s  
(e.g . n an o s tru ctu red  M g  
h y d rid es ). 

In elas t ic n eu t ro n  sc att erin g  
(IN S ) 

G as  d iffu s io n  e lect ro d es  an d  
cata ly s t ch a ract eris at io n  

Ph o n o n s  s tat es, h y d ro g en  
d y n am i cs   

Q u a si -elas ti c n eu t ro n  
sc att erin g  (Q E N S).  

G as  d iffu s io n  e lec tro d es , 
D y n am ic o f w ate r/p ro to n s  
w i th in  i o n o m er.  

Hy d ro g e n  d i ffu s io n  an d  
lib ra tio n s . 

N e u tro n  refle cti v it y 
m ea su rem en ts . 

H y d ro g en  p ro fi le i n  th in  fi lm s , 
Sw el lin g  p ro p erti es  o f t h in  
io n o m e r fi lm s. 

Hy d ro g e n  p ro fi le i n  th i n  
f ilm s 

N e u tro n  rad io g ra p h y  
m et h o d s a n d  to m o g rap h y .

2 D  an d  3 D  w ate r an d  g as  
d is trib u t io n  in  fu el c ell s an d  

Hy d ro g e n  d is tr ib u t io n  
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Nuclear techniques (2/2):

Important nuclear methods for studies of materials related to 
Fuel cells and hydrogen cycle technologies:

Tota l scatt erin g Local st ructure dete rmina tion Loca l s tructure determin ationTota l scatt erin g 
experiments 

Local  st ructure  dete rmina tion Loca l s tructure determin ation

Posit ron annihi lat ion 
spe ctroscopy 

Defe cts  of s truc tures  and 
vacan cies in H T fuel  cel l 
material s  

De fect s of st ructures  a nd 
vaca ncie s 

Muon spin rotation (µS R). Hydrogen d yna mic s Hydroge n dynamics

Prom pt G amm a Ac tiva tion 
Ana lysi s (P G A A) 

Determination of trac e 
elem ents  

De term inat ion of t race  
ele ments 

X Ra y diffract ion (X RD) Crysta l s tructure determination Crystal s t ru ctureX-Ra y diffract ion (X RD) Crysta l s tructure determination Crystal s t ru cture  
dete rmina tion 

Synchrot ron radio gra phy 
and tom ogr aphy. 

Local  transport  and 
distribut ion in gas diffusion 
elec trodes  

Dyna mic s of hydroge nation  

Nuc lear m agnet ic spin 
resonance  (N M R) 

W ater profi le in fuel ce lls  and 
st ructural  analysi s 

Hydroge n mobil ity and  
diffusion, s tructural an alysis  

Mössbauer spect rosc opy 
(MS ) 

Local  st ructure  Loca l s tructure 

IAEA
ICTP-IAEA Workshop on Development of Radiation Resistant Materials, 20-24 April 2009, Trieste

Ion b eam a nalysis  2D and 3D  hydrogen profi le Hydroge n stoichiomet ry 

 



Examples (neutron imaging)

Anode :
H2 2 H+ + 2 e-
Anode :
H2 2 H+ + 2 e-
Anode :
H2 2 H+ + 2 e-

The membrane needs moisture
for electric charge transfer

1/2 O2 + 2 H+ + 2 e-
Cathode :

H2O1/2 O2 + 2 H+ + 2 e-
Cathode :

H2O1/2 O2 + 2 H+ + 2 e-
Cathode :

H2O

e- Too much water can disturb

H
++
H+

e Too much water can disturb
the electro-chemical process

H2 O2++

H2O

+

+

+

+

Water distribution in the membrane
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Water distribution in the membrane
under different operational conditions

Source: P. Boillat, Electrochemistry, PSI



Examples (synchrotron techniques)
Hydrogenation of LaNi5HX - the added complexity of an 
inhomogeneous sample

(101) Line at Q = 1 990 Å-1 (101) Line at Q = 2 125 Å-1

Mapping the position of the (101) powder line against the position of the beam 
relative to the sample cell – we can see the distribution of partially hydrogenated 
material.  Note: H2 enters at bottom right

(101) Line at Q = 1.990 Å 1 (101) Line at Q = 2.125 Å

10mm

β phase imageα phase image
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Source: E. Gray, U. Qld and D. Cookson, ASRP

β phase imageα phase image
H2



Th k f i !Thank your for your attention!
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