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A. Background 

 

Traditionally neutron beams enjoy a long history in advancing diverse research related to material 

studies, structural examinations and testing, basic neutron science, among other areas, and are 

uniquely suited to research reactors (RRs) with a power level of at least a few megawatts, which 

number close to 100 according to the IAEA RRDB. Along with radioisotope production, neutron 

activation analysis, nuclear education and training programmes, neutron beams today stand as an 

additional important factor in the commercial agenda of RRs and spallation neutron sources.  

In the last decade, as more neutron beam facilities have grown to include cold and hot neutron 

sources (e.g. HANARO, OPAL, SNS, J-PARC), their application has also become more robust, 

expanding into non-destructive examination, nanotechnology, hydrogen storage, car and aviation 

industry, and many other areas. Yet many RRs and neutron beam facilities remain underutilized, 

with some research centres face financial stress despite modern equipment and well-trained staff, 

while others are seeking new and potentially lucrative research areas and specialized facilities. 

Renewed interest in nuclear power, and burgeoning research into a potential hydrogen technology, 

non-destructive examination of bulky samples or objects, presents new opportunities for neutron 

beam facilities in the energy sector alone. Meanwhile, new techniques such as quasi-Laue 

diffraction, ultra-SANS, and digital and computation-supported neutron tomography have opened 

new fields for exploration through neutron beam experiments. While greater self-reliance, to be 

addressed by incorporation of neutron beam applications into business planning, is required for RR 

facilities, international cooperation will facilitate the exchange of modern techniques and best 

practices, as well as open leading research centres for joint research projects with industrial 

partners. With these aims in mind, neutron beam applications should strengthen the utilization of 

RRs worldwide. 

B. Objectives and Expected Outputs 

 

The technical meeting was intended to provide a forum to exchange of good practices, practical 

experiences and other relevant information through scientific presentations and brainstorming 

discussions, leading to the following overall objectives: 

 Promotion and development of industrial applications of neutron beams 

 Enhancement of RR utilization in Member States via neutron beam applications 

 Strengthened regional and international cooperation between neutron beam facilities from 
developing and developed countries with special emphasis on the transfer of knowledge and 
good practices in neutron beam applications 

The major topics discussed at the meeting included: 

 Neutron beam applications in material research and testing in energy sector, including 
hydrogen technology 

 Neutron beam applications involving biotechnology and nanotechnology 
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 Applications of modern neutron imaging and 3D computation-based tomography; neutron 
imaging combined with large sample NAA or PGNAA 

 Other neutron beam applications in, e.g., industrial product qualification, cultural heritage, 
nuclear medicine, environmental sciences, biology, nuclear data measurements, etc. 

 Share of good practices and strategies in 

o promotion and use of neutron beam facilities for industrial applications 

o formulation of industrial and academic/research partnerships 

It was expected that the meeting will result in preparation of a meeting report summarizing major 

findings and recommendations in the field of industrial applications with neutron beams. This 

document was intended to provide first estimates of the world-wide capacity of neutron beam 

facilities providing various products and services on commercial basis, suggestions and examples for 

potential markets, including the typical organizational, technical and financial constraints without 

forgetting of potential benefits of these products and services for their stakeholders. In addition, the 

full proceedings were expected to be compiled and published by the IAEA. 

More detail information about the meeting can be found at 

http://www-naweb.iaea.org/napc/physics/meetings/TM40776.html  

 

C. Work Done 

 
The meeting was attended by 20 participants from 15 Member States (see Annex III, List of 

Participants). After the official IAEA welcome words by Ms M. Venkatesh, DIR-NAPC, and Mr R. 

Kaiser, SH-Physics/NAPC, some introductory remarks were given by Mr D. Ridikas, IAEA Scientific 

Secretary, on issues and challenges in the area of RR utilization and applications related to neutron 

beams, main objectives of the meeting. Later participants introduced themselves, approved the 

agenda and designated Mr Z. Revay (TUM, Germany) and Mr K. H. Lee (KAERI, Republic of Korea) as 

co-chairs for the meeting. The meeting continued according to the meeting agenda, prepared in 

advance (see Annex II, Meeting Agenda). 

More than 2 days were exclusively dedicated to the individual presentations by the participants. 

Enough time was also allocated for questions-answers and discussions following each presented 

paper. The following main topics were covered through the individual presentations:  

 research and industrial applications using various neutron beam techniques as neutron 
diffraction, radiography, SANS, triple axis spectrometry, and reflectometry 

 recent modernization/upgrade projects related to neutron beam facilities 

 education and training using neutron beams 

 status and trends in neutron beam research and applications.   
 
Brief summaries of individual presentations are given in Annex IV (Book of Abstracts).  
 
During the last day of the meeting a number of round table discussions took place in order to  

 Identify various industrial applications with neutron beams 

 Draft table of contents of a promotional publication on industrial applications of neutron 
beams (see Annex I, Draft Table of Contents) 

 Define actions, work-plan and responsibilities for the future cooperation 

http://www-naweb.iaea.org/napc/physics/meetings/TM40776.html
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 Draft the summary report and recommendations. 
 
At the very end of the event, all presentations and other meeting materials were distributed to the 

meeting participants and are available on request from the Scientific Secretary.  

 

D. Conclusions and Recommendations 

 

In the closing session the meeting participants acknowledged that the meeting was a successful and 

very useful event. Concrete examples through individual presentations clearly confirmed the high 

scientific value and innovative developments on-going not only at large scale neutron beam centres 

but equally important work is being conducted at small-medium scale neutron beam facilities.  

 

According to the IAEA RRDB (http://nucleus.iaea.org/) in September 2011, 50 Research Reactors 

were performing Neutron Scattering experiments distributed over 33 Member States.  

 
To this list one should also add other important facilities, based on spallation neutron sources, like 

SINQ-PSI/Switzerland, ISIS-RAL/UK, LANSCE-LANL/USA, J-PARC/Japan, and SNS/USA.  

 
Historically, neutron scattering emerged as an area of basic research. While today, as reported 
during the meeting, a considerable number of neutron beam facilities are also involved in broad 
areas of applications using this powerful technique. At the same time, still different approaches and 
great efforts are needed to “enter the industrial world”. In this regard, meeting participants 
formulated the following conclusions: 

 IAEA CRPs related to R&D using neutron beams and their applications were acknowledged 

 Dedicated workshops and meetings with the presence of industrial partners was 
recognized as the most efficient way to attract users from industrial sector 

 There is an urgent need to establish/develop  quantitative and recognized criteria 
regarding use of neutron beams for various industrial applications (e.g. material 
qualification) 

 Role of smaller scale facilities in terms of E&T, modelling, instrumentation development and 
test and full scale experiments was recognized and acknowledged 

 Neutron beam facilities should clearly identify the R&D niche of applications relevant to 
their national needs and establish their priorities (e.g. biological materials) 

 Share of information, know-how, good practices, in particular in innovative techniques and 
approaches, should continue and be strengthen; in this context the IAEA’s role remains as a 
facilitator and disseminator 

 Complementarity of different techniques should be clearly identified and promoted 

http://nucleus.iaea.org/
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 Utility and importance of PGNAA as one of the neutron beam techniques was 
acknowledged 

 Good examples and practice from FRM-II, JRR-3 and J-PARC (basic research and 
applications, including commercial services) might be followed 

 Support from government is decreasing, but should remain essential. In this regard, one 
should seek contribution from the private sector; in this context dedicated strategy should 
be developed (e.g. TECDOC under revision on “strategic and business planning using RRs”) 

 One still needs to prove the utility of neutron beam (nuclear) techniques for other 
applications than nuclear energy; potential way would be to approach industrial partners 
through technical universities 
 

Finally, meeting participants recommended to 

 Prepare and publish a dedicated TECDOC on “Catalogue of Products and Services Provided 
by Neutron Beams” (see Annex I) 

 Prepare and publish meeting proceedings as a working document (individual participant 
reports annexed to the minutes of the meeting) 

 Design and publish a promotional leaflet on neutron beam applications as a follow up action 

 Continue assistance, support and promotion in the area of neutron beam applications 

 Continue efforts in training; organize IAEA/ICTP Training Workshop(s) or support other 
neutron schools related to research and applications with neutron beams 

 Encourage small and large scale facilities for closer cooperation; encourage smaller facilities, 
when possible, proceed with industrial applications; develop mechanisms for shared beam 
time possibilities 

 Continue support of small power RRs (small scale neutron beam facilities); organize 
promotional workshops with international experts at neutron beam facilities under 
development 

 Organize a TM or workshop specific to neutron beam applications in medicine and biology 

 Use lessons learned from synchrotron light sources and their applications; similar good 
practice could be used in promoting neutron beam applications 
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I. Draft Table of Contents of the IAEA Publication  

 

Topics – Table of Contents – Responsible Contributors for the IAEA TECDOC on  
“Catalogue of Products and Services Provided by Neutron Beams” 

 
Introduction 
Areas of Applications (Main body) 

1. Energy 

a. Fission Energy (India, Russia, Hungary) 

b. Fusion Energy (India, Italy) 

c. Hydrogen storage (China, Korea) 

d. Fuel cells (China, Korea) 

e. Batteries (China, France, Germany) 

f. … 

2. Industries (Czech Republic, Korea,… ) 

a. Building/Construction (Czech Republic, South Africa) 

b. Automobile, aviation, spacecraft (Czech Republic) 

c. Mining/Oil/Gas (South Africa) 

d. Nutrition/food (Australia) 

e. … 

3. Chemistry (Germany) 

4. Biology (Indonesia, Czech Republic, Hungary) 

5. Cultural Heritage (Czech Republic, South Africa, Morocco, Germany, Hungary) 

6. Environment (Geology) (Germany, Hungary) 

a. Pollution 

b. Water 

c. Soil/Rocks  

7. Instrumentation/Electronics (Czech Republic, Hungary, South Africa) 

8. Medicine (Czech Republic, Germany) 

9. Nuclear data (Ukraine, Russia, France, Germany, Hungary) 

10. Material Research & Development (Japan, South Africa) 
a. Hard-matter (Russia, Malaysia) 
b. Soft-matter (Morocco, Hungary, South Africa) 
c. … 

New trends (India, France, Korea, Australia, Hungary, Italy) 
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Summary 
References 
 
Annex on Neutron Beam Techniques (1 page per technique) 

1. SANS (Hungary) 

2. Radiography/Tomography (Hungary) 

3. Diffraction (Russia) 

4. PGNAA (Germany) 

5. Residual stress/strain (Czech Republic) 

6. Reflectometry (China) 

7. Irradiation by n-beams (Czech Republic) 

8. Other  

a. Filtered beams (Ukraine) 

b. Phase contrast (India) 

c. Combined techniques (Hungary) 

d. Holography (Hungary) 

e. Focused beams (South Africa) 

f. Polarised beams (Italy) 

g. Neutron Optical Coherence Tomography (France) 

h. Other… 
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II. Meeting Agenda 

 
Monday, 5 September 2011; VIC, Building A, Room A0742 

08:30-09:30 Registration, Gate 1 

  

09:30-10:00 Welcome & Opening Session 

Ms M. Venkatesh, Director, Division of Physical and Chemical Sciences 

Mr R. Kaiser, Section Head,  Physics Section, Division of Physical and Chemical Sciences 

D. Ridikas and Y. Barnea, IAEA Scientific Secretaries 

Self-introduction of participants, Election of Chairperson(s) 

Discussion and Approval of the Agenda, Administrative Arrangements 

10:00-10:30 Objectives of the Meeting (within the IAEA project Enhancement of Utilization and 

Applications of Research Reactors) 

Mr D. Ridikas, IAEA 

10:30-11:00 Coffee break 

11:00-11:40 Neutron Beam Applications in NPI Rez Related to Material Testing, Industrial Product 

Qualification and Cultural Heritage (A3) 

P. Mikula, NPI, Czech Republic 

11:40-12:20 Development of SANS Spectrometer in Serpong as a Tool for Life Science Research 

(A10) 

E.G.R. Putra, BATAN, Indonesia 

12:20-14:00 Lunch break 

14:00-14:40 Recent Applications of Neutron Beams in the Qualification of Nuclear Materials (A11) 

R. Coppola, ENEA, Italy  

14:40-15:20 Novel Material Science using Neutrons in IMR of Tohoku University (A12) 

K. Ohoyama, Tohoku University, Japan 

15:20-15:50 Coffee break 

15:50-16:30 Creation of a Neutron Filtered Beam with the Energy 275 keV at the Kyiv Research 

Reactor (A19) 

O. Gritzay, INR, Ukraine 

16:30-17:10 Designing and constraints in developing focusing small angle neutron scattering at small 

research TRIGA reactor 

M.H.R. Megat Ahmad, MNE, Malaysia 

17:10-17:40 Round table discussion animated by Session Chair  
All 

  

18:30-20:00 Hospitality Event  
All 
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Tuesday, 6 September 2011; VIC, Building A, Room A0742 

09:00-09:40 Facilities utilizing neutron beams in Japan (A14) 

T. Shikama, Tohoku University, Japan  

09:40-10:20 Neutron Beam Applications and International Cooperation at HANARO (A15) 

K.H. Lee, KAERI, Korea 

10:20-10:50 Coffee break 

10:50-11:30 LVR-15 Reactor – Applications of Neutron Beam in Medicine, Biology, Dosimetry (A2) 

J. Burian, RC Rez, Czech Republic 

11:30-12:10  Promotion and development of industrial applications at JRR-3 (A13) 

K. Kakurai, JAEA, Japan 

12:10-12:50 Industrial and Other Application of Prompt Gamma Activation Analysis with Neutron 

Beams (A5) 

Zs. Révay, TUM, Germany 

12:50-14:00 Lunch Break 

14:00-14:40 NORMA: a new Radiography-driven Prompt-Gamma Activation Imaging facility at 

the Budapest Research Reactor (A6) 

L. Szentmiklosi, KFKI, Hungary 

14:40-15:20 Neutron Optical Coherence Tomography – a new tool for neutron scattering (A4) 

N. Cuello, ILL, France 

15:20-15:50 Coffee break 

15:50-16:20 Development of Neutron Tomography And Phase Contrast Imaging Technique and Its 

Applications (A8) 

A. Sinha, BARC, India 

16:20-16:50 The construction progress and potential applications of neutron scattering facilities at 

CARR (A1) 

Y. Liu, CIAE, China 

16:50-17:20 Applications of research reactor in material science (A16) 

B. Belhorma, CNESTEN, Morocco 

17:20-17:50 Round table discussion animated by Session Chair  
All 

 

 

Wednesday, 7 September 2011; VIC, Building A, Room A0742 

09:00-09:40 Industrial Applications of the SAFARI-1 Research Reactor Neutron Beam Lines: 

Challenges and Successes (A18) 

C.B. Franklyn, NECSA, South Africa 

09:40-10:20 Investigation of Reactor Materials Using Neutron Beam (A7) 

G. Torok, SZFKI, Hungary 

10:20-11:00 Residual stress studies by neutron diffraction at the IBR-2 pulsed reactor (A17) 

G.D. Bokuchava, JINR, Russia 

11:00-11:30 Coffee break 

11:30-12:30 Round table discussion animated by Session Chair  
All 

12:30-13:30 Lunch break 

13:30-15:30 Drafting of conclusions and recommendations 

All 

15:30-16:00 Coffee break 

16:00-17:30 Finalization of conclusions and recommendations 

All 

17:30 End of the meeting 
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III. List of Participants 
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5. Mr Z. Révay,    TUM,      Germany 

6. Mr L. Szentmiklósi,   IKI-KFKI,     Hungary 

7. Mr Gy. Torok,   SZFKI,     Hungary 
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IV. Book of Abstracts 

1. China, Liu 

The construction progress and potential applications of neutron scattering 

facilities at CARR  
 

Yuntao LIU
1
, Dongfeng CHEN

1
 

 

1) China Institute of Atomic Energy, Beijing P.O. Box 275(30),102413,Beijing,China 

 

 

E-mail: ytliu@ciae.ac.cn 

 

China Advanced Research Reactor (CARR) was constructed in China Institute of Atomic 

Energy (CIAE). CARR is a 60 MW research reactor and its maximum undisturbed thermal 

neutron flux is expected to be 810
14

 ncm
-2
s

-1
, which went critical on May 13, 2010. As a 

multipurpose research reactor neutron scattering technique is one of its main applications. At 

CARR ten instruments are planned to be built. In this presentation the construction progress 

of the instruments will be introduced and their potential applications, especially related to 

industries, will be mentioned. CARR is expected to go full power at the beginning of 2012. 

Some preparations for the day one experiments are being prepared, suggestions or comments 

are welcomed.   
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2. Czech Republic, Burian 

LVR-15 Reactor – Applications of Neutron Beam in Medicine, Biology, 

Dosimetry 

J. Burian 

Research Centre Rez Ltd., 250 68  Řež, Czech Republic 

E-mail: Burian@cvrez.cz 

The LVR-15 research reactor is a multipurpose source of neutrons for basic research at 

horizontal channels and user-oriented research at vertical loop channels and rigs as well.  

Ten horizontal channels is used for basic and applied research in the field of physics, 

engineering (material research especially), medicine and biology. Epithermal neutron beam 

was constructed at empty space of thermal column, it consists of inner shutter, filter (layers 

Al-AlF3), collimator (Al with Pb inner layer) and outer shutter. In the long term the facility is 

utilized for preparation of new protocols for medical utilization, for the study of biological 

aspects of BNCT (Boron Neutron Capture Therapy), for the development of appropriate 

dosimetry methods.  

Dosimetry The principal parameters of the radiation source  have to be stated very precisely for 

fundamental two geometries – free beam and water phantom. The beam properties are monitored 

by measurements of the neutron spectrum, neutron depth dose profile, fast neutron kerma rate in 

tissue, and photon absorbed dose. 

Medicine The phase I study of the Protocol approved by State Institute for Drug Control and State 

Office for Nuclear Safety of the Czech Republic has been used to define the limiting toxicity of the 

BNCT procedure for group of patients. New protocols have been prepared for utilization in medical 

field.  In cooperation with University of Milan a thorax lung phantom has been designed and radiation 

distribution was measured at the epithermal beam.  

Biology Selected biological problems are solved in cooperation with Institut of Physiology, CR 

Academy of Science. There are relative biological effectiveness of the beam (RBE) and influence of 

boron especially. Three different models are used: (a) immature brain of 6-day-old rats  (b) intestine 

of 30-day-old mice and (c) glioma cells in cultures. The epithermal neutron beam is applied and 

thermalized by a 2.5 cm thick polyethylene disc placed in front of the biological objects.  
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3. Czech Republic, Mikula 

Neutron Beam Applications in NPI Rez Related to Material Testing, 

Industrial Product Qualification and Cultural Heritage 
 

P. Mikula, P. Lukáš, M. Vrána, P. Strunz, P. Beran 

 Nuclear Physics Institute ASCR, v.v.i. 25068 Rez, Czech Republic 

E-mail: mikula@ujf.cas.cz  

Neutron Physics Department of NPI ASCR, v.v.i. operates several neutron scattering instruments 

dedicated to material research investigations and therefore, they are convenient also for experiments 

related to material testing, industrial product qualification and cultural heritage. Namely, the material 

research experiments cover: 

 neutron diffraction measurements of residual stresses in the vicinity of weld joints of steels used in 

power plant industry [1,2],  

 insitu measurements of lattice crystalline response on the external  termomechanical load [3] 

 substructure analysis of superalloys by small-angle neutron scattering [4], 

 powder diffraction for structure studies of new technologically important materials, structure 

behaviour under termo-mechanical load as well as non-destructive surface and in-depth analysis in the 

study of rare archaeological artefacts [5].  

Examples of experimental resuls obtained on the NPI instruments installed at the medium power 

research reactor LWR-15 will be presented.   

[1] C. Schiga, L. Mráz, P. Bernasovský, K. Hiraoka, P. Mikula and M. Vrána, Welding in the World, 

51 No 11/12 (2007) 11-19. 
[2] P. Mikula, M. Vrána, Ľ. Mráz and L. Karlsson, In Proc. Biennial ASME Conference on 

Engineering Systems Design and Analysis (ESDA 2008), 7 to 9 July 2008, Haifa. 

[3] Y. Tomota, P. Lukáš, D. Neov, S. Harjo, Y.R. Abe, Acta materialia 51 (2003) 805-817. 

[4] D. Mukherji, P. Strunz, R. Gilles, M. Hofmann, F. Schmitz, J. Rösler, Materials Letters 64 (2010), 

2608-2611, 

[5] L. Smrčok, I. Petrík, V. Langer, Y. Filinchuk, P. Beran, Cryst. Res. Technol. 45 (2010) No. 10, 

1025–1031. 
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4. France, Cuello 

Neutron Optical Coherence Tomography – a new tool for neutron 

scattering 

N. Cuello
1
, Y. Kermaidic

2
, R. Gähler

3
, R Golub

4 

1) Università degli Studi di Torino 

2) Université Joseph Fourier Grenoble 

3) Institut Laue-Langevin, F 38042 Grenoble 

4) Dep of Physics, North Carolina State Univ., Raleigh, NC 27606, USA 

E-mail: cuellonicolas@gmail.com 

Since about 20 years, Optical Coherence Tomography (OCT) develops towards a major tool in 

medical diagnostics with visible and IR-light. OCT relies on ‘white light’ Michelson interferometry 

with a very narrow interference region of only some m depth.  

An analogue method, Neutron Optical Coherence Tomography (NOCT) is possible for slow neutrons, 

using the Mach-Zehnder time-interferometer MIEZE. For a polychromatic neutron beam, MIEZE can 

modulate the intensity of the neutron beam up to several MHz with a velocity-dependent phase. At 

an adjustable position the phases of all velocities are equal and the total count rate is modulated 

just at this position. With an interference region of some mm and the high penetration depth of 

neutrons in many materials, a 3D scan of technical objects with mm-resolution is possible without 

rotating the object. The local isotope distribution in large samples, the structure of composite 

materials or the Hydrogen concentration in steel are examples with technical relevance. For 

detection, neutron– or -counting is possible. Using -counters, the time signal from the interference 

region can be extracted via lock-in, using ‘dual phase mode’. For neutron lock-in detection, one 

additional modulating device upstream of the sample will be necessary. The technique of NOCT can 

also be applied to measure time constants of (n,)-reactions, or the time dependence of sample 

magnetization with s-resolution. 

The detection method above is analogous to Time-Domain OCT. For pulsed neutron sources, a 

method similar to Fourier-Domain OCT might be attractive, avoiding the need for lock-in detection 

to recover the signal from the narrow interference region. 
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5. Germany, Révay  

 

Industrial and Other Application of Prompt Gamma Activation Analysis 

with Neutron Beams 
 

Zsolt Révay 

 

Technische Universität München, Forschungsneutronenquelle Heinz Maier-Leibnitz (FRMII) 

On leave from Institute of Isotopes, Budapest, Hungary 

 

E-mail: Zsolt.Revay@frm2.tum.de  

 

Prompt Gamma Activation Analysis (PGAA) has been used in the industry for decades 

successfully, mainly for bore-hole logging and monitoring the composition of raw materials 

on conveyor belts. PGAA facilities at cold neutron beams of research reactors are top-quality, 

special-design instruments, which are carefully shielded against neutron and gamma 

radiation, ensuring optimum background conditions for sensitive measurements. These 

instruments are mainly used in the basic research. In principle they can be used for a large 

variety of applications, as the analysis is sample-independent. 

The PGAA facilities at Budapest and at Garching will be presented, with special emphasis on 

the details of the construction and the techniques of reducing the background. The latest 

developments and the typical applications will also be presented. 

A series of industrial or related applications will be presented, which were performed at these 

facilities: 

 Determination of the composition of cement and concrete samples 

 Investigation of a glass-melting furnace using inactive tracing 

 Measuring gases in cylinders and liquids in closed containers 

 Determination of hydrogen content of metals 

 Monitoring chemical reactions with in situ PGAA 

Recommendations will be given for other typical applications that can be performed at 

PGAA facilities using cold neutron beams. 
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6. Hungary, Szentmiklósi  

NORMA: a new Radiography-driven Prompt-Gamma Activation Imaging 

facility at the Budapest Research Reactor 

László Szentmiklósi, Zoltán Kis, Tamás Belgya, Zsolt Révay
 

Institute of Isotopes, Hungarian Academy of Sciences,  

H-1525 Budapest, P.O. Box 77, Hungary.  

E-mail: szentm@iki.kfki.hu  

Efforts are being made at laboratories worldwide (Budapest, FRM2, JAERI) to develop Prompt 

Gamma Activation Analysis (PGAA) towards a position-sensitive technique. It was proven in the 

framework of the EU-supported ANCIENT CHARM project (2006-2009) that the complete scanning 

with a few-mm–resolution is only possible on small objects due to constrains of experiment time and 

neutron flux. A feasible alternative is the combination of neutron radiography with prompt gamma 

activation analysis. Radiography, or even a full tomography on the complex sample, as a first step, 

can be completed in minutes, but often provides enough information to set up regions of interests 

inside the sample. The detailed element analysis by PGAA is carried out then only at these spots, 

saving substantial beam time. This novel combination of methods is best used for real samples which 

consist of a few homogeneous parts. 

The first ever facility for this purpose was constructed at the Budapest PGAA facility in 2007. After 

almost a year of successful operation the setup was dismounted and moved to FRM2 Garching, 

Germany. Recently the design of a successor facility, NORMA, has been completed and its 

construction at the Budapest Research Reactor is foreseen for the year 2011. 

After outlining the capabilities of the technique, first in general, later on a case study, the design 

details of the new NORMA experimental station will be presented and the applicability of the method 

will be discussed. 

   

mailto:szentm@iki.kfki.hu


Working Document, Report of the IAEA-F1-TM-40776 

Catalogue of Products and Services of Research Reactors: Applications of Neutron Beams 

5-7 September 2011; IAEA, Vienna, Austria  
 

 20  

7. Hungary, Török 

Investigation of Reactor Materials Using Neutron Beam 

Gy. Török
1
, H. Ákos

2
, R. Székely

2
, F. Gillemot

2
 

 

1) Research Institute for Solid State Physics and Optics H1121 Budapest Konkoly Thege str 29-33 

2) Atomic Energy Research Institute  

H-1121 Budapest Konkoly Thege str 29-33, Hungary 

 

E-mail: torok@szfki.hu  

The Budapest Research Reactor is a 10MW power reactor operated by the Atomic Energy Research 

Institute in Hungary. Around the reactor the Budapest Neutron Centre was founded, and the 

scientific activities are organized by a consortium of four academic institutes. In this consortium  7 

thermal horizontal  channel used in the reactor hall for scattering experiments, and 3 neutron guides 

looking to the cold source carrying cold neutrons 7 instrument operating in the neutron guide hall. 

For irradiation also 6 channels are available for fast neutron irradiation and 8 for thermal one.  

We have investigated reactor of WWR440 RPV and WWR1000 weld materials irradiated and new 

one by SANS. Using the inverse Fourier transformation the result well showed the damaged regions 

in 15Kh2MFA steel, where we could observe the microstructure of the irradiation channel. 

Also we have carried out measurement on different ODS type steels by SANS. By the magnetic 

labelling of phases we could follow the phase transitions due to thermal treatment. 

These results will be joined with mechanical testing of samples prepared with different chemical 

composition and treatment; the quality of the powder was analysed with different methods. 

The development of our residual stress capacity enables us to do a validated measurement and 

taking a part of reactor life time elongation programs of Hungary. 
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8. India, Sinha 

Development of Neutron Tomography And Phase Contrast Imaging 

Technique and Its Applications 

Amar Sinha, Y. Kashyap. A. Agrawal, M. Shukla and P.S. Sarkar 

Neutron and X-ray Physics Facilities 

Bhabha Atomic Research Centre (BARC), Mumbai 400 085, India  

image@barc.gov.in  

Neutron Imaging is an efficient tool for investigation in the field of non-destructive testing and 

fundamental research. At BARC, we have carried out feasibility study of 3D neutron tomography and 

phase contrast imaging using especially designed collimator and neutron imaging system. These 

experiments were carried out using CIRUS reactor. Several experiments on neutron tomography and 

phase contrast imaging were carried out using this beamline. This beamline used a dual purpose 

collimator where inlet beam aperture was varied from 16mm for tomography to 0.5 and 

1mm/0.5mm for neutron phase imaging. As this beamline was core facing, it was optimized for 

neutron to gamma ratio by using a bismuth plug. A CCD based imaging detectors was designed and 

used in many of these experiments.  We also used some other Imaging detectors for some of our 

phase imaging applications.  

We investigated hydrogen distribution in especially prepared zircaloy samples using neutron 

tomography technique and could detect distribution in these especially prepared samples of upto 50 

ppm of hydrogen. We also investigated hydrogen blister in zircaloy using this technique. We have 

conducted experiments on neutron tomography of turbine blades, cryogenic samples etc.  

For phase imaging, experiments on samples having low neutron absorption such as aluminum and 

zircaloy were used to highlight phase effect. For Phase contrast experiments, we used 0.5mm and 

1mm inlet aperture of collimator and studied phase effect by varying source to object distance and  

object to detector distances.  The effect of various parameters on phase imaging was studied.  

Finally, we also carried out some experiments on realtime melting of lead. These experiments are 

important from the point of view of safe transportation of radioactive materials in lead cask and 

evaluation of effect of fire on such casks. With the shut down of CIRUS reactor, this beamline is 

being shifted to another experimental reactor DHRUVA. 

We shall present our work on design of neutron beamline, design of detector and results on neutron 

tomography and phase imaging. We will also give an overview of our work on NAA and PGNAA being 

carried out using neutrons.  
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9. Indonesia, Putra 

Developing of Small-Angle Neutron Scattering (SANS) Spectrometer in 

Serpong as A Tool for Life Science Research 
 

E. G. R. Putra
1
, B. Bharoto

1
, A. Patriati

1
, Y.A. Mulyana

1
, N. Suparno

1
, E. Santoso

1
 

 

1) Neutron Scattering Laboratory, National Nuclear Energy Agency of Indonesia (BATAN), 

Gedung 40 Kawasan Puspiptek Serpong, Tangerang 15314, Banten, Indonesia 

 

E-mail:giri@batan.go.id 

Today, neutron beam application is well suited to revealing the structure and dynamics of materials on 

the nanoscale which is the central of disciplines such as biology, chemistry, physics, engineering, 

materials, medicines and health sciences. A small-angle neutron scattering (SANS) becomes a 

powerful tool for investigating and revealing the structure and dynamics in polymer science, materials 

science and structural biology in the length scale of 1 – 500 nm under variety process conditions such 

as temperature, pressure, shear, and magnetic field. A 36 meter SANS spectrometer in Serpong, 

Indonesia named as SMARTer is the one of the largest SANS spectrometers nowadays in the Asia-

Oceania region. This spectrometer has been revitalized, developed, and improved both on the 

instrumentation and experimental method, and then utilized for inter-laboratory comparison and basic 

research purposes. Considering the advance of nanoscience, engineering and technology is emerging 

rapidly in the region, especially in life sciences or biology research, a specific mid to long-term 

biological research program using SANS BATAN‟s spectrometer has been established, Figure 1.  

 

Figure 1. The road-map of 

biological research using 

BATAN SANS spectrometer 

in Serpong 

 

Biophysical study, the architecture and dynamics on self-assembled mechanism of Indonesian strain 

viruses in order to have a better understanding in molecular biology for overcoming the diseases, 

targeted drug, detection kits and vaccine development is one of the major issues in medicines and 

health sciences in Indonesia as well as in the region. 
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10. Italy, Coppola 

RECENT APPLICATIONS OF NEUTRON BEAM TECHNIQUES IN THE 

QUALIFICATION OF NUCLEAR MATERIALS 

 

R. Coppola 

ENEA-Casaccia, FISSM, Via Anguillarese 301, 00123  Roma, Italy 

  

roberto.coppola@enea.it  

 

This contribution will present recent results obtained in the qualification of nuclear 

materials and components by means of neutron-beam techniques, namely small-angle neutron 

scattering (SANS) and neutron diffraction. SANS is utilized to characterize microstructural 

changes in advanced steels for fission and fusion applications submitted to technologically 

relevant thermo-mechanical treatments or to irradiation. Neutron diffraction is utilized for 

crystallographic phases identifications in new materials and for non-destructive stress 

measurements. These research activities, carried out at the High Flux Reactor of the ILL-

Grenoble, confirm the usefulness of neutron beams facilities for applied research on nuclear 

materials. 
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11. Japan, Ohoyama  

Novel Material Science using Neutrons in IMR of Tohoku University 

Kenji Ohoyama
1,4

, Haruhiro Hiraka
1,4

, Masaki Fujita
1,4

, Msato Matsuura
1,4

, Tyoto Sato
3
, Tatsuo 

Shikama
4
, Kazuyoshi Yamada

1,3
, Mitsuo Niinomi

1,4
  

1) Center of Neutron Science for Advanced Materials, Institute for Materials Research, Tohoku 

University, Sendai 980-8577, Japan 

2) Department of Physics, Faculty of Science, Tohoku University, Sendai 98-8578, Japan 

3) WPI Advanced Institute for Materials Research, Tohoku University, Sendai 980-8577, Japan 

4) Institute for Materials Research, Tohoku University, Sendai 980-8577, Japan 

E-mail: ohoyama@imr.tohoku.ac.jp  

The neutron scattering technique has many important characters for materials science: high 

sensitivity of light atoms and spins, accuracy of observations of spin-lattice dynamics, larger 

penetration depth and so on.   Since neutrons are effective for almost all the elements, the technique is 

indispensable to create breakthroughs in novel material science. 

In neutron science, Tohoku Univ., particularly, Institute for Materials Research (IMR), in Japan 

has been keeping a special position.  IMR owns a neutron spectrometer and neutron powder 

diffractometer in a research reactor, and Tohoku Univ. operates two other neutron instruments in 

addition; this is unparalleled neutron equipment as one university, except specialized neutron 

facilities.   Since Tohoku Univ. is also an outstanding centre of excellence in material science, Tohoku 

Univ. is quite unique as a neutron facility based on the strong background of advanced material 

science.  In 2010, Center of Neutron Science for Advanced Materials was established in IMR as the 

core of material science using neutrons in Tohoku Univ., which is aiming at collaborations in Asia 

and Oceania in this field as well. 

Some recent results obtained in IMR are as follows.  By systematic inelastic neutron scattering 

experiments, we succeeded in finding characteristic behaviour of spin-lattice dynamics in high TC 

cupurates, which will be a key to clarify the mechanism of high TC superconductivity; this is 

important for development of zero loss of electrical power transmission, as well as for academic 

interests.  Moreover, we have investigated structural characters in some environment materials, such 

as Li-N-H compounds, which are promising candidates of hydrogen storages.  Observations of stress 

distribution in a stainless steel plate has also been succeeded by the scanning neutron diffraction 

technique, which will be basic information of estimation of local deterioration in industrial products.  

As a next generation technology in IMR, we are developing the polarised neutron technique, which is 

quite strong probe to obtain accurate and pure spin correlations in magnetic functional materials. 
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12. Japan, Kakurai 

Promotion and development of industrial applications at JRR-3 
 

K. Kakurai
1
, T. Maruo

2
 

 

1) Quantum Beam Science Directorate 

2) Department of Research Reactor and Tandem Accelerator 

 

Japan Atomic Energy Agency (JAEA), Tokai, Ibaraki 319-1195, JAPAN 

 

E-mail:kakurai.kazuhisa@jaea.go.jp 

 

The recent efforts at the Japan Research Reactor No.3 (JRR-3) Neutron Science Facility to promote 

the industrial applications of neutron beam techniques will be reported. The original JRR-3, which 

established criticality in 1962, was the first research reactor with 10 MW thermal power constructed 

by Japan. It was refurbished in the years 1985 -1990 to upgarde to the present 20MW JRR-3 with a 

liquid hydrogen cold moderator. In accord with the modern research reactor concept, the irradiation 

devices are installed for silicon doping, radioactive isotopes production and activation analyses. For 

promotion of neutron beam science, 33 neutron instruments are installed in the reactor hall and in 

the neutron guide hall with two thermal and three cold neutron guides. The neutron beam 

instruments are jointly operated by Japan Atomic Energy Agency (JAEA) and Institute for Solid State 

Physics (ISSP), University of Tokyo, who is representing the National Universities' User Program. The 

research activities on these instruments have been contributing tremendously to the progress of 

neutron science, mainly in basic research. 

In 2006, the 'Neutron Application Technology Transfer Promoting Program', commonly named as 

„Trial Use Program‟, has been launched at JRR-3 by the Ministry of Education, Culture, Sports, 

Science and Technology (MEXT), to promote the industrial applications of neutron beam techniques 

with prospect of the then upcoming Spallation Neutron Project at the Materials and Life Science 

Facility (MFL) in Japan Proton Accelerator Research Complex (J-PARC). This program allowed non-

experts in neutron techniques, especially from the industrial community, to receive technical advice 

and support from neutron specialists and to use the JRR-3 instruments free of charge.  In 2008, to 

further strengthen the industrial use of neutron techniques both at J-PARC/MLF and JRR-3, the 

'Industrial Users Society for Neutron Application', a consortium of industrial companies, was 

founded, presided by Takashi Imai, the Honorary Chairman of the Japan Buisiness Federation and 

Nippon Steel Corporation.  The status of the development and some examples of the neutron 

industrial applications at JRR-3 as a result of all these recent efforts will be presented. 
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13. Japan, Shikama 

Facilities utilizing neutron beams in Japan 

 
Mitsuhiro Shibayama

1)
, Kazuhisa Kakurai

2)
, Kenji Kikuchi

3)
, Kazuyoshi Yamada

4)
,  

Kenji Ohyama
4)

, and Tatsuo Shikama
4)

 

 

1) ISSP, U. Tokyo, Kashiwanoha, Kashiwa, Chiba, 277-8581 Japan 

2) JAEA-Tokai, Shirakata Shirane, Tokai, Ibaraki, 319-1194 Japan 

3) Ibaraki U., Shirakata Shirane, Tokai, Ibaraki, 319-1194 Japan 

4) IMR, Tohoku U., Katahira, Aobaku, Sendai, 980-8577 Japan 

 
E-mail: shikama@imr.tohoku.ac.jp 

 

Major facilities utilizing neutron beams are accommodated in the research reactor, JRR-3, 

and in the accelerator based J-Parc. Both neutron sources are in the Tokai campus of the 

Japan Atomic Energy Institute (JAEA). The JAEA is playing a major role in utilizing neutron 

beam facilities, neutron diffractometries, SANS, radiographies, etc., and the JAEA is 

coordinating users widespread in industries and academia in Japan. In the meantime, the ISSP 

(Institute for Solid State Physics) of University of Tokyo is a coordinating center for 

university researchers in Japan, whose major interest will be in solid state physics of 

innovative materials. In conjunction with the coordinating activity of the ISSP, Tohoku 

University takes care of its own neutron diffraction facilities, whose details and related future 

plans as a neutron center for the materials research, will be described separately by Ohyama. 

For utilization of the neutron beam facilities in the J-Parc, Ibaraki University is playing as a 

coordinator. Especially, Ibaraki University is planning to carry out experiments with 

radioactive materials, such as irradiated materials in fission reactors and high energy ions. 

In this presentation, details of facilities mentioned above will be reported for the possible 

international collaborations. 
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14. Korea, Lee 

Neutron Beam Applications and International Cooperation at HANARO 
 

Kye Hong Lee
1
 

1) Korea Atomic Energy Research Institute, 1045 Daedeok-daeroYuseong-gu Daejeon, 

Republic of Korea 305-353 

E-mail: khlee@kaeri.re.kr 

At HANARO, 8 neutron instruments are in operation, 5 in optimization and 5 under 

installation. In the first half of this year, there were 245 users and 49% of them were from 

universities. Foreign users can submit the proposals through the web hanaro4u. Due to 

Fukusima accident, Japanese users do not have neutron source for the time being and 

HANARO allocated special beam time for them in the second half of this year. HANARO 

opens user tutorial every summer and it will be Aug. 11-12 for small angle and powder 

diffraction this year. In May every year, KAERI holds HANARO Symposium and 225 users 

participated and 103 papers on research reactor utilization as well as neutron beam 

applications were presented or posted this year. Every 5 year, we hold international 

HANARO Symposium and it will be 20
th

 anniversary of HANARO operation in 2015.  

HANARO and KNBUA (Korea Neutron Beam Users Association) are actively involved in 

AONSA (Asia-Oceania Neutron Scattering Association) and AONSA will hold the 1
st
 

AOCNS in Tsukuba, Japan in Nov. 20-24. Korea and Japan have a bilateral meeting every 

year since 2001. HANARO is planning to hold the 2
nd

 bilateral meeting with NPI, Czech in 

Korea in autumn of 2011 and with CIAE, China in Korea in autumn of 2012. HANARO has 

been collaborating with NECSA, South Africa since 2006 and there was the 1
st
 Korea-South 

Africa Coordinating Committee on Atomic Energy Cooperation, in Johannesburg July 3-6, 

2011. 

Using powder diffraction, we are investigating the exact structure of battery materials in 

different temperatures, charging/discharging and synthesis condition, new materials for safe 

Li ion batteries, find the possible Li-ion conduction path. Visualizations of Li ion battery, 

hydrogen fuel cell, and direct methanol fuel cell are in progress. A neutron dark-field imaging 

experiment with a neutron grating interferometer is a new research area. Residual stress 

measurement at dissimilar metal welding is applied to Nuclear power plant nozzles. In-situ 

neutron scattering study of hydrogen ad-/desorption mechanisms within nano-porous material 

is in progress. 

  

mailto:khlee@kaeri.re.kr


Working Document, Report of the IAEA-F1-TM-40776 

Catalogue of Products and Services of Research Reactors: Applications of Neutron Beams 

5-7 September 2011; IAEA, Vienna, Austria  
 

 28  

15. Malaysia, Megat   

Designing and constraints in developing focusing small angle neutron scattering at small 

research TRIGA reactor 

Megat Harun Al Rashid Megat Ahmad, Abdul Aziz Mohamed, Azraf Azman, Faridah Modh Idris, 

Modh Rizal Mamat@Ibrahim, Hafizal Yazid and Muhammad Rawi Muhammad Zin 

Malaysian Nuclear Agency, Kompleks PUSPATI, Bangi, 43000 Kajang, Selangor, MALAYSIA 

megatharun@nuclearmalaysia.gov.my 
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16. Morocco, Belhorma   

Applications of research reactor in material science 

Bouchra Belhorma, Hicham Labrim, M. Y. Messous 

CNESTEN, B.P. 1382, R.P. 10001, Rabat, Morocco 

bouchra@cnesten.org.ma  

 

Neutron diffraction is powerful techniques for crystallographic and magnetic material structure 

determination. It is a complementary technique to X-ray diffraction since X-ray interacts with 

electrons whereas neutrons interacts with nuclei. 

The 2MW research reactor of CNESTEN is equipped with 4 beam ports; two of them are dedicated to 

neutron scattering for material sciences, one for neutron radiography and one for prompt gamma 

elementary analysis.  In this talk we will show an overview of these experiments with more details 

about the powder neutron diffractometer which is under construction around the reactor.  
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17. Russia, Bokuchava 

Residual stress studies by neutron diffraction at the IBR-2 pulsed reactor 

G.D. Bokuchava, A.M. Balagurov 

Frank Laboratory of Neutron Physics, Joint Institute for Nuclear Research 

Joliot-Curie Str. 6, 141980 Dubna, Moscow region, RUSSIA 

E-mail: gizo@nf.jinr.ru 

During last years a great number of residual stress studies were performed in FLNP JINR in order to 

approve the method and to define potential application domain. The majority of the problems solved 

relates to determining the residual stress tensor in industrial components. Besides, stresses states and 

elastic properties of the new modern materials, such as various composite materials and different steel 

grades, were studied: e.g. residual stress gradient analysis near interface in bimetal (stainless 

steel/zirconium based alloy) tubular transition joint used in RBMK reactor channels design, residual 

stress and texture studies in fatigued austenitic stainless steel samples, investigation of residual 

stress/microstress and phase content after various heat treatments in perforator's striker – heavily 

loaded component which is used in mineral resource industry equipment, residual stresses in W/Cu 

and Al/Al2O3 composites, etc. The results of these investigations find application in optimization of 

the technologies of obtaining materials with the necessary mechanical properties. This work is 

conducted on the Fourier stress diffractometer (FSD) which uses a special correlation RTOF (Reverse 

Time-Of-Flight) technique on the long-pulse neutron source - high-flux IBR-2 pulsed reactor (JINR, 

Dubna). The FSD design satisfies the requirements of high luminosity, high resolution and specific 

sample environment. The collimator system guarantees a minimum gauge volume of 222 mm3. A 

mechanical testing machine allows in-situ tension or compression measurements with a load of up 

to of 20 kN and sample temperatures up to 800°С. This activity was supported by IAEA under 

research contracts No. 13737 (“Application of Reverse Time of Flight (RTOF) Neutron Diffraction 

for Residual Stress Investigations”) and No. 16000 (“Ferrite-Martensite Steels Dispersion Hardening 

studied by TOF Neutron Diffraction”). 
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18. South Africa, Franklyn 

Industrial Applications of the SAFARI-1 Research Reactor Neutron Beam 

Lines: Challenges and Successes 

C. B. Franklyn, A. M. Venter, F. C. de Beer, T. C. Tjebane 

Radiation Science Department, Necsa, PO Box 582, Pretoria 0001, South Africa 

E-mail: chris.franklyn@necsa.co.za   

The SAFARI-1 research reactor at Necsa, South Africa, has been involved in developing industrial 

applications utilizing not only neutrons for radio-isotope production and transmutation doping of 

silicon, but also thermal neutron beam lines.  The majority of industrial applications, to date, have 

been in the field of neutron radiography and tomography, investigating for example, water 

migration in concrete, porosity of oil-bearing clay and shale, and corrosion in metals.  There have 

also been applications of neutron diffraction in the investigation of residual strain in a variety of 

materials in various sectors.  Of relevance here is the identification of the technique in terms of 

materials research in the energy sector. 

The neutron beam lines at Necsa have, in the past, been dedicated to neutron diffraction (residual 

stress, powder and crystallography), neutron radiography/ tomography, small angle neutron 

scattering and prompt gamma-ray neutron activation analysis.  These facilities are presently 

undergoing major upgrades so that they can provide a commercially competitive service to industry 

and academia.  At the same time expertise is being generated within specific applications, especially 

in the field of nuclear materials research for the energy industry.  In approaching this challenge it has 

also been recognized that it is extremely important to provide a suite of complimentary analytical 

services to the client, for example: X-ray diffraction, X-ray radiography (including X-ray micro-focus), 

small angle X-ray scattering and scanning electron microscopy.  Applications in the non-industrial 

environment are just as important to Necsa and the beam line facilities have a comprehensive 

analytical programme servicing cultural heritage, environmental issues, geological and 

archaeological studies, as well as biological studies.  Furthermore, an integral part of the research 

and development program is to provide training opportunities to local and international clients 

(mainly post graduate students) and to participate in international research collaborations. 

Our presentation will highlight these various aspects of creating a suite of analytical services centres 

around our research reactor facility. 
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19. Ukraine, Gritzay 

Creation of a Neutron Filtered Beam with the Energy 275 keV at the Kyiv 

Research Reactor  

O. Gritzay, V. Libman 

Institute for Nuclear Research of NAS of Ukraine, 47 Prospect Nauky, Kyiv, Ukraine, 03680 

E-mail: ogritzay@kinr.kiev.ua 

At the Kyiv Research Reactor (KRR) the neutron filtered beam technique is used for more 

than 30 years and its development continues.  The wide set of natural elements and enriched isotopes 

are used as components for neutron filters in the Neutron Physics Department (NPD) at KRR: 

 Natural elements: Si, Al, V, Sc, S, Mn, Fe, Ti, Mg, Co, Ce, Cr, Rh, Cu, B, Cd, LiF. 

 Enriched isotopes: 
52

Сr (99.3%), 
54

Fe (99.92%), 
56

Fe (99.5%), 
57

Fe (99.1%), 
58

Ni (99.3%), 

60
Ni (92.8% – 99.8%), 

62
Ni (98.04%), 

80
Se (99.2%), 

10
B (85%), 

7
Li (90%). 

Availability of such wide set of materials, especially enriched isotopes, allowed to create in 

the NPD the unique set of neutron filters, providing more than ten neutron lines in the energy range 

from thermal energy to several hundred kilo-electron-volts, intensity of such lines may reach 10
6
 – 10

8
 

n/cm
2
s, and this is much more than any other method (time of flight or others) can ensure. 

Usage of the neutron filtered beam technique allow to measure the total neutron cross 

sections with accuracy 1% and better, neutron scattering and capture cross sections with 3-6% 

accuracy. The high accuracy of neutron data is demanded by up-to-date level of scientific and 

technology development. This high accuracy of experimental data should allow to make progress in 

development of nuclear simulation codes and in generation of evaluated nuclear data libraries, that 

are the basis for any transport calculations both for operating and future reactors and for nuclear 

technologies in medicine, industry, etc. 

Creation of a new neutron filtered beam with the energy 275 keV makes it possible to extend 

the existing energy region for investigations with the neutron filtered beam technique. We hope that 

our experience in building of different composite neutron filters may be useful for other researchers, 

who plan to use this technique, so this procedure has to be described in detail. 
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