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ABSTRACT 

 
The IPR-R1 TRIGA MARK I is a research reactor operating since 1960. It has being used mainly for training 
neutron activation analysis and production of some special radioisotopes. In the last years, it is coming up the 

necessity of using a thermal neutrons filter during neutron activation. It is in order to solve many specific 

situations where only activation by fast and epithermal neutrons is required. For instance, the labeling of some 

special molecules used for pharmaceutical investigations and the activation of biological samples in which 

thermal sodium activation may cause undesired analysis interferences. The usual procedure used in such cases - 

to irradiate the samples in the rotary specimen rack inside a cadmium box with a 1 mm wall thickness - 

normally offers radiological risks due to the high exposure dose. The aim of the project presented here is to 

optimize the procedures when the epithermal irradiation is needed.  

 

 

 

1. INTRODUCTION 
 

The IPR-R1 TRIGA MARK I [1] is a research, training and isotopes production reactor 

located at the Nuclear Technology Development Center – CDTN/CNEN - that operates since 

1960 (Fig.1). During all these years it has been, among others applications, an important tool 

in neutron activation analysis on several elemental determinations. Nowadays the reactor 

operates at 100 kW and has four irradiation devices which are:  

 

• A central thimble:  used to irradiate samples under an average thermal flux of                
4.3 x 1012 n.cm-2.s-1. It is usually used to produce industrial sources or irradiate samples 

that require a higher specific activity.  

 

• A pneumatic transfer system 1 (TP1): this fast transfer system is under construction and it 

is located at the core peripheral ring and it will allow to obtain short half-life 

radioisotopes under a average thermal flux of 1.7 x 1012 n.cm-2.s-1. 

 

• A pneumatic transfer system 2 (TP2): this system is used to determine uranium through 
delayed fission neutron counting. The irradiation tube is located outside the reflector and 

the sample is irradiated under an average thermal flux of 1.8 x 1011 n.cm-2.s-1 .The system 

has also a fast transfer system and BF3 detectors. The system allows to analyze 48 
samples per one hour of operation.  
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• A rotary specimen rack: it is capable to irradiate 40 samples simultaneously under an 
average thermal flux of 6.6 x 1011 n.cm-2.s-1. It is the main irradiation device to materials 

analysis and is situated in the graphite reflector [1]. 
 

 

 

 
 

Figure 1. IPR-R1 TRIGA MARK I Reactor  
 

 

 

All the irradiation sites of the TRIGA Reactor are used mainly in the situations which the 

thermal neutron flux is the main component. It is important because the great majority of the 

natural elements have suitable nuclear characteristics for thermal irradiation. It means that 

neutron activation analysis, for instance, most commonly uses thermal neutrons (0.0253 eV). 
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Typically, in research reactors, the epithermal component is usually 2% of thermal flux [2]. In 

the case of CDTN´s reactor, the growing need to solve problems related to thermal 

irradiation, like spectral interferences, has led to the use of filters to cut the thermal portion of 

the neutron flux have been used.  

 

A typical example of such epithermal irradiation was the labeling of the CDDP, 

cisdiamminedchloroplatinum (II), Pt(NH3)2Cl2 in which the irradiation longer than two hours 

may cause the disruption of the molecules [3]. This effect was reduced when the irradiation 

was carried out under epithermal neutron flux using a Cd capsule. Another example is the 

irradiation of samples in which the presence of sodium, activated by thermal neutrons, may 

cause interference in the analysis [4].  

 

Nowadays, the usual procedure is to place the sample in cadmium filters or box as shown in 

Figure 2.  

 

 

 

 
 

Figure 2. Irradiation Specimen Container and Cadmium box 
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Cadmium has been used as a filter for thermal neutrons because its thermal cross section 

combined with a 0.178 eV resonance gives it some excellent filter features. An extremely 

high thermal cross section is due mainly to 113Cd. This cross section plus a 0.4 eV cut-off 

energy makes this filter virtually transparent to epithermal neutrons and impenetrable to 

thermal neutrons. Data concerning cadmium, boron, samarium and gadolinium reveal that 

cadmium with 1.0 mm thickness is the most efficient filter, followed by gadolinium one. The 

cadmium with a convenient thickness is almost like the perfect filter, quality proved by the 

small number reactions that occur under the cut-off energy.  

 

There are some disadvantages related to the handling of cadmium filters as the high activity 

induced in the filter, for instance, that offers radiological risks. Cadmium also requires some 

care during the filter handling because of its high toxicity. Nowadays the capsules are small 

aiming at minimizing the activity induced during the irradiation, however, on the other side, it 

also reduces the volume and the amount of analyzed samples. 

 

In order to minimize the problems related to the confection and handling of cadmium cases 

and to implement the epithermal neutrons activation analysis, this work introduces the project 

of a new irradiation device to TRIGA IPR-R1 reactor, with an internal cadmium coating. 

 

 

2. NEW IRRADIATION DEVICE PROJECT 
 
The installation of a new irradiation device with internal cadmium coating in the TRIGA 

IPR-R1 is proposed for optimizing the neutron epithermal activation analysis. The new 
device will consist of an aluminum “s” curvature tube whose lower extremity will be 

comprised in two concentric aluminum pipes with a 300 mm height, 1 mm thick cadmium 
coating placed between them, so that the cadmium coating is isolated from the cooling water 

and also from the sample. This extremity will be placed in the external face of the graphite 
reflector, in a position equivalent to pneumatic transfer system 2. The objective of placing 

this device outside the core is to minimize the cadmium influence in the reactor reactivity. 

 
Concerning the upper extremity of the aluminum tube, it will be open. A 1”1/2 diameter will 

be enough to insert a standard polystyrene sample holder used in the reactor carrousel, as 
shown in Figure 2. The sample holder handling will be similar to one already existing, the 

electromagnetic pick-up, also used in rotary specimen rack. The upper extremity will be 
fixed, close to the “V” access tube. In each irradiation, the device will handle only one 

sample holder containing up to 9 samples stacking intercalated by neutron flux monitors. This 
various sample arrangement, is already applied to neutron activation analysis in the Rotary 

Rack. 

 

The objective of tube curvature in water is to avoid that neutrons and gamma radiation from 

the reactor core reach the surface, ensuring operators security (Fig.3). All the material 

required to device building is already available. The aluminum tube is made of 6063 alloy, 

which is similar to the 6061 alloy, used in research reactors [5]. 

 

The project will be handled at CDTN/CNEN. This research center has highly qualified staff 

specialized in aluminum welding, mainly task in this device mounting. 
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Figure 3. Reactor Tank with Epithermal Irradiation Terminal 
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3. CONCLUSIONS  
 

The intended project, made out of easy acquisition material will provide an important 

improvement for the neutron activation analysis in the TRIGA Mark I IPR-R1 Reactor. The 

device with cadmium coating will standardize the irradiations providing better analytical 

results; it will optimize under radiological protection point of view because it will eliminate 

cadmium boxes handling after the irradiation, reducing radiation exposure; it will also 

minimize the production of radioactive waste and problems concerning the storage of 

radioactive cadmium boxes.  
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