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ABSTRACT 
 
 

Since late 2004, the IAEA has developed and implemented a Coordinated Research Project 
(CRP) to assist countries interested in initiating indigenous, small-scale production of Mo-
99 to meet local nuclear medicine requirements. The objective of the CRP is to provide 
interested countries with access to non-proprietary technologies and methods to produce 
Mo-99 using LEU foil or LEU mini-plate targets, or for the utilization of n,gamma neutron 
activation, e.g. through the use of gel generators. The project has made further progress 
since the RERTR 2006 meeting, with a Technical Workshop on Operational Aspects of 
Mo99 Production held 28-30 November 2006 in Vienna and the Second Research 
Coordination Meeting held in Bucharest, Romania 16-20 April 2007. 
 
The paper describes activities carried out as noted above, and as well as the provision of 
LEU foils to a number of participants, and the progress by a number of groups in preparing 
for LEU target assembly and disassembly, irradiation, chemical processing, and waste 
management. The participants’ progress in particular on thermal hydraulics computations 
required for using LEU targets is notable, as also the progress in gel generator plant 
operations in India and Kazakhstan. Poland has joined as a new research agreement holder 
and an application by Egypt to be a contract holder is undergoing internal review in the 
IAEA and is expected to be approved. The IAEA has also participated in several open 
meetings of the U.S. National Academy of Sciences Study on Producing Medical 
Radioisotopes without HEU, which will also be discussed in the paper. 

 
1. Introduction 
 
Technetium 99m, the daughter product of Molybdenum 99 (Mo-99), is the most commonly 
utilized medical radioisotope in the world, used for approximately 20-25 million medical 
diagnostic procedures annually, comprising some 80% of all nuclear medicine procedures. In 
line with RERTR, and the objective of minimizing and eventually eliminating the use of HEU 
in civil commerce, national and international efforts are underway to shift the production of 
medical isotopes from HEU to Low Enriched Uranium (LEU) targets. A small but growing 
amount of the current global Mo-99 production is derived from the irradiation of LEU targets. 
 
The IAEA became aware of the interest of a number of developing Member States that are 
seeking to become small scale, indigenous producers of Mo-99 to meet local nuclear medicine 
requirements. Such production is potentially attractive in order to further develop domestic 
nuclear technology capabilities, take advantage of relevant nuclear facilities and expertise, 
reduce dependence on foreign supply, and save hard currency expenditures. The IAEA 



responded to the interest of such states and initiated Coordinated Research Project (CRP) 
T.1.20.18 “Developing techniques for small-scale indigenous production of Mo-99 using 
LEU or neutron activation: in order assist countries to pursue such Mo-99 production. 
 
This paper updates previous papers on this CRP which were presented to the 2005 and 2006 
RERTR International Meetings. 
 
2. Coordinated Research Projects (CRP) 
 
A CRP is a collaborative research arrangement organized, executed, and funded by the IAEA 
to promote technology transfer through the dissemination of peaceful applications of new 
nuclear technologies. A CRP typically involves approximately five institutions from countries 
which have successfully implemented a particular nuclear or isotopic technique, and six to 
eight institutions which are seeking to establish the technology. (For full description of CRPs, 
see http://www-crp.iaea.org/). Technology contributing institutions (agreement holders) 
participate in the CRP free of charge. Technology adopting countries (contract holders) 
receive nominal funding from the IAEA (generally 4000 EURO per year) for an agreed set of 
activities, but must supplement the IAEA funding with institutional and national resources. 
 
CRPs are usually planned and structured based on a coordinated set of activities which will 
take place over the 3-5 years duration. Work plans and coordinated activities, including 
standardized procedures and protocols, are determined in the First Research Coordination 
Meeting (RCM). Additional RCMs take place at approximately 15-18 month intervals, to 
monitor progress in the work plans and coordinated activities and to prepare a written report 
(normally an IAEA TECDOC) on the results and outcomes. 
 
3. Objectives 
 
The objectives of the CRP are to: 
 
• Assist member states with the adoption of LEU Cintichem (foil targets) or neutron 

activation (gel moly) technology for producing Mo-99, 
• Further demonstrate efficacy of LEU target and neutron activation production of Mo-99, 
• Foster capacity building for local/regional self-sufficiency to meet Mo-99 needs,   
• Advance international non-proliferation and nuclear security objectives, while promoting 

sustainable development and the sustainability of nuclear research institutes. 
 
The CRP does not specifically include the objective of conversion to LEU of the large-scale, 
HEU-based commercial production of Mo-99. However, the IAEA has encouraged the active 
participation of the major commercial producers in carrying out the objectives of the CRP and 
the commercial producers participated as observers in the First Research Coordination 
Meeting and substantially contributed to a workshop held in Vienna in November 2006. 
 
4. Purpose 
 
The CRP aims to assist recipients to research, test, and evaluate the LEU modified Cintichem 
process with LEU foil targets, and neutron activation of natural molybdenum oxide targets 
and utilization of gel generators. so-called “Freeware Technology” for LEU fission and gel 
moly production of Mo-99. Contract holders will be assisted in evaluate options to access 
such technology, build their own technology, or purchase alternate LEU and neutron 



activation based technology. The experimental evaluation of Freeware Technology will be 
used to disseminate information of the technological options and requirements. 
 
5. CRP Activities/Output 
 
The technology transfer being carried out under the CRP includes the provision of technical 
expertise, information sharing between participants, the provision of some laboratory 
equipment and related materials, and specialized training and human resource development. It 
is expected that as a result of the work undertaken in the CRP, participants will obtain the 
necessary skills and technology to begin limited local production of Mo-99 from LEU targets 
and processing or from neutron activation for gel generators. The requirements for Mo-99 gel 
preparation following (n, gamma) production will also be reviewed. The final output will be 
an Agency publication that will review the work that occurred, results achieved, and to define 
standardized technological approaches. 
 
6. Participants 
 
Six institutions in five countries have been awarded research contracts: 
 
• Chile: foil targets, LEU-modified Cintichem process 
• Kazahkstan: gel generators 
• Libya: foil targets, LEU-modified Cintichem process 
• Pakistan: foil targets, LEU-modified Cintichem process 
• Romania (IFIN-HH): gel generators 
• Romania (Pitesti): foil targets, LEU-modified Cintichem process 
 
Egypt submitted a request in mid-2007 for a research contract related to implementation of 
the LEU-modified Cintichem process which is undergoing internal IAEA review at the time 
of writing (late August 2007) and is expected to be approved shortly. 
 
Seven institutions in six countries have been awarded research agreements: 
• Argentina: LEU fission moly implementation 
• Republic of Korea: development of LEU foil targets 
• India: standardization of gel generators and feasibility of fission moly 
• Indonesia: development of LEU foil targets, LEU-modified Cintichem process 
• Poland: evaluation and implementation of LEU-modified Cintichem process (joined in 

April 2007) 
• U.S.: (Argonne National Laboratory, ANL): foil targets, LEU-modified Cintichem 

process 
• U.S.: (University of Missouri Research reactor): foil targets, LEU-modified Cintichem 

process; scope and level of work to obtain U.S. FDA approval for Mo-99 from LEU. 
 
7. History 
 
The project was initiated with an IAEA Consultants Meeting in Vienna in November 2004 
and the CRP was approved by the IAEA Research Contracts Committee in February 2005. A 
Potential Mo-99 Producers Workshop was held in May 2005 in Buenos Aires, Argentina, 
with participants from eleven countries. Following the workshop, interested countries 
submitted proposals for both research contracts and agreements. The IAEA convened a 



Consultants Meeting in July 2005 in Vienna to review the proposals, and the selected 
proposals were approved by the Research Contracts Committee in September 2005. 
 
The first RCM was held 6-9 December 2005 in Vienna and was attended by the Chief 
Scientific Investigators of each contract and agreement holder, plus observers from BWXT, 
CERCA, the Institute for Radioisotope Elements (IRE), MDS Nordion, Nuclear Energy 
Corporation of South Africa (NECSA), Nuclear Research Group (NRG) Petten, and Tyco 
Medical/Mallinckrodt. The RCM finalized individual country work plans, established a set of 
coordinated activities for both fission and gel moly groups, specified the material and expert 
assistance requirement, and agreed on a list of action items with dates/milestones. 
 
A Workshop on LEU Foil Target Fabrication, Irradiation, and Chemical Processing Using the 
Modified Cintichem Technique was held at the radioisotope production facilities and reactor 
of the National Atomic Energy Agency of Indonesia (BATAN) in Serpong, Indonesia from 
6-11 March 2006. This workshop was based upon a U.S.-Indonesia cooperative agreement for 
the conversion of Indonesia’s Mo-99 production to LEU foil targets. Lectures on foil 
preparation, target fabrication, assembly and disassembly, and irradiated target processing 
were provided by ANL scientists, and facility visits and technology demonstrations were 
conducted in BATAN’s facilities by BATAN scientists and technicians. The action item list 
from the 1st RCM was reviewed, updated, and a number of items were added.  
 
The U.S. Department of Energy/GTRI made an extrabudgetary contribution to begin the CRP 
in 2005; in 2006 it was funded from the IAEA regular budget. However, DOE/GTRI made an 
additional extrabudgetary contribution in 2006 to support purchase of laboratory glassware 
for project participants (for the LEU-modified Cintichem process) and for a workshop on 
operational aspects of Mo99 production. In 2007, DOE made an additional extrabudgetary 
contribution which financed the CRP in its entirety for 2007. 
 
Since the beginning of the formulation of the project, the IAEA has endeavoured to maintain 
close contact with the major radiopharmaceutical producers and other industrial entities 
related to Mo-99 and to involve them in the CRP. All the major Mo-99 producers - the 
Institute for Radioisotope Elements (IRE), MDS Nordion, Nuclear Energy Corporation of 
South Africa (NECSA), and Tyco Medical/Mallinckrodt – participated as observers in the 1st 
RCM and in the November 2006 Vienna Workshop (see below). However, in 2007, the major 
producers have not been active in the work of the CRP. 
 
8. Developments Since RERTR 2006 
 
a. Workshop on Operational Aspects of Mo-99 Production 
 
The IAEA hosted a Workshop on Operational Aspects of Mo-99 Production in Vienna 28 – 
30 November 2006. The workshop included lectures on: 
 
• target plate manufacture 
• foil target production 
• target irradiation 
• irradiated plate/foil processing 
• logistics, storage, and transportation 
• environmental and waste management 
• physical security/protection 



 
The lectures were presented by experts from BWXT, CERCA, MDS Nordion, NRG Petten, 
Tyco Medical, and NECSA. A review of action items from the 1st RCM and Serpong 
Workshop were made and a new action items list was prepared, in order to optimize work 
during the second year of the CRP prior to the 2nd RCM in Romania. 
 
b. Second Research Coordination Meeting  
 
The Second Research Coordination Meeting was held in Bucharest, Romania 16-20 April 
2007. The RCM reviewed the domestic nuclear medicine plans and Mo-99 requirements of 
the participants in order to assist in determining eventual Mo-99 production targets (and for 
fission moly participants, their projections for uranium loading and number of targets, heat 
removal requirements and thus input for the safety case).  
 
The status and progress of CRP participants’ activities were reviewed, as well as constraints, 
technical assistance requirements, and arrangements for future technical support. Target 
analyses performed by a number of the fission moly participants were reviewed and 
compared, technical issues related to specifications for the LEU foil were discussed, and there 
was an extended discussion on thermal contact resistance of the targets. Requirements for 
cGMP were also reviewed. Finally, updated and revised work plans for each of the contract 
holders (both fission and gel moly) and an action item list including technical assistance 
requirements was prepared. AREVA/CERCA participated as an active observer in the 2nd 
RCM and contributed to discussions related to targets. 
 
Site visits to IFIN-HH Magurele (gel moly) and the Institute for Nuclear Research, Pitesti 
(fission moly) were also carried out, with tours of the workshop where target draw dies are 
being performed as well as a visit to the reactor hall and hot cells. 
 
c. Provision of Materials and Training 
 
Aluminium tubing for annular target preparation was shipped from ANL to five fission moly 
participants in 2006 and early 2007. This permitted participants to undertake mock assembly 
and disassembly of annular targets, initially containing “dummy” foil.  
 
The IAEA procured laboratory glassware for the Cintichem process for CRP participants 
(using DOE/GTRI extrabudgetary funds).  Sets of the glassware (consisting of five items 
each: single and double-ended bottles, fritted glass column, two other length columns) were 
shipped directly to and received by Chile, Indonesia, Korea, Libya, Pakistan, and Romania, 
with ANL receiving four sets, three which were re-shipped to India, MURR, and Poland.  
 
ANSTO provided safety documentation regarding LEU annular targets that it had been 
developing as part of the Mo-99 production program for the new OPAL reactor to the 
participants of the CRP in early 2007. 
 
The Korea Atomic Energy Research Institute (KAERI), a CRP research agreement holder 
agreed to supply sample natural uranium and LEU foils for the assembly of annular targets 
directly to several of the CRP contract and agreement holders with which it has existing 
nuclear cooperation arrangements.  Foils were received by Chile, Romania, and Indonesia in 
August 2007. It is expected that additional foil will be shipped to Argonne National 
Laboratory (for MURR) and Poland in fall 2007, and arrangements are also being made for 



the supply of foil to Libya. Several recipients arranged to purchase additional foil from 
KAERI together with the foil being received free of charge under the CRP. The IAEA (with 
DOE/GTRI extrabudgetary funds) reimbursed KAERI for some of the shipping charges. 
 
Arrangements are presently being made by the IAEA to respond to a variety of requests by 
CRP participants for technical assistance, including training and procurement of equipment 
and supplies. These include: 
 

• Chile: fellowship on Mo-99 production process; procurement of 2 telemanipulators 
and aluminium 3003 tubing. 

• Indonesia: scientific visit to KAERI LEU foil production facility; expert visit on hot 
cell maintenance and operations.  

• Kazakhstan and Romania: scientific visit to India gel generator facilities. 
• Libya: 5 fellowships/scientific visits on LEU target preparation, processing, QA/QC, 

and Mo-99 waste management; procurement of laboratory equipment and supplies. 
• Poland: fellowship on annular target assembly and disassembly. 

 
The Chile and Libya technical assistance will be paid for by national extrabudgetary financial 
contributions to the IAEA. The other assistance will be supported by various IAEA national 
Technical Cooperation projects. 
 
d. Participation in National Academy of Sciences Study, other meetings 
 
The IAEA participated in the February and June 2007 open sessions of the meetings in 
Washington, D.C. of the National Academy of Sciences (NAS) Study on Producing Medical 
Radioisotopes without HEU. The IAEA presented summaries of its relevant past and current 
programmes and projects related to the NAS study, as well as on the activities of the CRP. 
The IAEA plans to participate in upcoming and future meetings of the study 
 
The IAEA also presented a poster on the CRP at the 17th International Symposium on 
Radiopharmaceutical Sciences in Aachen, Germany in April/May 2007. 
 
9. Planned Near-Term Activities 
 
In addition to the provision of NU and LEU foils and other technical assistance as noted in 
paragraph 8.c. above, the fission moly participants will be continuing preparations related to 
cold assembly, testing, and disassembly of annular targets, as well as to prepare and cold test 
hot cells for processing. Safety analysis reports are submitted to regulators in association with 
national regulatory requirements in autumn 2007. QA/QC procedures and waste management 
plans are also to be prepared by the end of 2007. 
 
Plant-scale operations for gel-moly production have been established in India (150g gel 
capacity) and Kazakhstan. The former is also working on a post-elution concentration scheme 
to enhance the utility of gel generators, while the latter will assess both dry and wet filling of 
gel powder for preparing portable gel generators. 
 



10. Third Year Activities 
 
Fission moly participants continue to prepare for the irradiation of LEU targets and 
processing of the hot targets in early 2008, although this is likely to be delayed somewhat for 
a number of the participants. 
 
Kazakhstan will complete the design and development of portable gel generators. Romania 
plans to complete the process standardisation and gadgets using the know-how available 
through the CRP. 
 
The Third RCM is tentatively scheduled to be held in the third quarter of 2008, the 
participants will: 
 
• Compare, interpret, and assess results, provide follow-up, and suggest adaptive changes, 
• Review whether product meets specifications and purity requirements, 
• Make modifications to improve future efforts, and  
• Compile material to publish Agency TECDOC on the final results 
 
It is likely that the project will be extended for at least two additional years given the 
substantial and increasing international interest in the CRP. 
 
11. Financial Support 
 
As previously noted, the project has benefited from extrabudgetary contributions from the 
U.S. Department of Energy/GTRI ($210,000), and the Government of Norway ($15,000 
pledged), as well as in-kind support from the Nuclear Threat Initiative (project management 
support), KAERI (NU and LEU foils), AREVA/CERCA (technical expertise on annular 
targets) and ANSTO (annular target safety documentation). 
 
12. Conclusions 
 
The CRP continued to make steady and substantial progress in the first eight months of 2007 
(completing the second full year of activities). Participants have demonstrated sustained 
commitment to the project, as well as creativity in their technical approaches.  
 
• Chile: performed preliminary neutronic analysis (using WIMS-D and CITATION) and 

thermal-hydraulic calculations (using COSMOSFLOWORKS and graphic platform 
SOLIDWORKS for the actual target with rig); constructed and proof-tested three 
machines for target assembly, performed target welding; assembled prototype targets, 
using KAERI NU foil covered with larger Ni foil for better adherence to Al cylinder; 
constructed new stainless steel box inside hot cell and designed completely new 
ventilation system (to be installed); designed, constructed, and testing target cutting 
machine with remote control; conducted 12 processing and recovery experiments with 
results of Mo recovery up to 80%, working with uranyl nitrate and Ni powder, including 
in the ANL designed stainless steel dissolver. 

• India: produced gel generators regularly (twice a month) using up to 740 GBq Mo-99 per 
batch; has supplied over 120 gel generators which have been used in hospital pharmacies. 

• Indonesia: melted depleted uranium and poured into ingots for rolling into DU foil; LEU 
foils provided by KAERI have been re-rolled and characterization of the foil has ben 
performed by measuring thickness at different places; assembled annular targets using DU 



and copper with adjustments of welding parameters; continued preparation of calculations 
for safety analysis report. 

• Kazakhstan: designed, manufactured and tested equipment for production of Mo-Zr 
powder and equipment for filling of portable generator columns with powder of gel (dry 
filling) and slurry of gel (wet filling). 

• Libya: completed calculations for target design and irradiation, is working on the safety 
case information, and reviewed existing hot cell infrastructure and determined that it is 
adequate. 

• Pakistan: performed neutronic and thermal hydraulic analyses using WIMS-D/4, 
BORGES, and CITATION of the projected target holder for Mo-99 production in the 
PARR-1 reactor, including through irradiation tests in the central water box at C-7 
location and at 5 axial positions; analyses submitted for publication to Annals of Nuclear 
Energy; performed other preparatory steps for irradiation and processing. 

• Poland: performed target preparations, including electrolytical plating of nickel layers on 
copper and steel substrates, measurement of nickel deposit thickness by weighing and 
direct micrometer measurements; experiments to be repeated using uranium, including 
method development for preparation of uranium surface prior to plating (thickness and 
quality of deposited Ni layers will be estimated); performed Cintichem process laboratory 
experiments on natural uranium dissolution, including by addition of Mo-99 tracer to 
uranium solution; Mo-99 separation from the solution by precipitation and adsorption 
chromatography have been initiated. 

• Romania (IFIN-HH): procured and adapted components of gel-generator equipment and 
placed in shielded hot cell; prepared three samples of zirconium molybdate gels after 
irradiation of molybdenum oxide target at TRIGA, Pitesti, which were then analyzed. 

• Romania (Pitesti): assembled and tested tools for target fabrication; fabricated irradiation 
device and implemented a technique for flow rate measurement to determine the target 
cooling flow through the device during irradiation; designed modifications of chemical 
processing cell, including dissolver, iodine trap, radioactive gas trap and implementation 
is underway; equipment for calcination of high activity waste is being procured. 

• U.S./University of Missouri (MURR): submitted an operating license amendment request 
to U.S. NRC to irradiate and process an LEU target and is working on a response to 
NRC’s request for additional information; conducted measurements of coolant flow 
through the planned irradiation positions; developed alternative methods for target 
assembly/disassembly. 

• U.S./Argonne National Laboratory: provided technology for the LEU-foil annular target 
and Modified-Cintichem process to participants, including communicated with 
participants one-on-one and in meetings; designed a low foot-print dissolver now being 
tested which will be shipped to MURR later this year for demonstration using an 
irradiated foil. 

 
The CRP is directly supportive of RERTR objectives, as it will help encourage the further use 
of LEU and neutron activation technologies by building experience and consensus on their 
use, within the context of an internationally-coordinated project. The results and experience 
gained will also help strengthen local capability for undertaking small scale Mo-99 production 
in participant countries, and could add to security of supply for this important medical 
radioisotope. In addition, it will facilitate enhanced utilization of research reactors by local 
production of radioisotopes, and consequently could serve to improve sustainability of such 
institutions. 
 


