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Abstract: Reactor RA at Nuclear Research Institute Vinca belongs to a group of the medium 
thermal neutron flux reactors, according to classification at end of nineties. At the beginning 
reactor RA has been used as a powerful source of neutrons and gamma-quanta for various 
experiments (interaction of neutrons and gamma-quanta with materials) and for production of 
artificial radioactive materials for convnercial use. For all enumerated activities the reactor core 
consists of a moderator with heavy water and nuclearfuel with 80% enriched 235U. This provided 
really good Maxwellian spectrum of thermal neutrons between 0.7 and 4 A. Neutron flux was 
of the order ofl.3-lOl4n.cm-2s~' at 6.5 MW of power. Very successful utilization of this neutron 
spectrum has been in its use for structural studies of crystal materials and liquid metals, for 
magnetic structure studies of various magnetic materials, as well as. dynamic properties of 
ferromagnetics, ferroelectics, etc. This kind of research has been performed by using different 
neutron spectrometers such as two and three axis spectrometer and hybrid time-of-flighi 
spectrometer. This kind of spectrometers still exist at reactor RA and with an improved detection 
system could be used again if reactor starts functioning. Besides Ms, a part of activity was 
devoted to construction of neutron guide tubes for thermal neutrons and this could also be 
accomplished relatively easy in the future. 

A part of activities of the reactor should in the future be devoted to the training of 
students in solid state physics and nuclear physics. 

Particular attention will be paid to the use of well established technologies in production 
of radioactive isotopes and a new class of isotopes for custom use will be developed. Special 
attention will be paid to the development of other highly commercial and prospective products 
(silicon doping, radiography etc.) 

I. Present status of reactor RA at Vinca Institute 

The aim of this report is to express the need for reconstruction of the heavy water reactor 
RA in order to reactivate this powerful research tool. This would enable setting up of an 
advanced center for fundamental research in various fields of science such as: condensed matter 
physics, nuclear physics, chemistry, medicine and technology. Other activities include also some 
applied research such as activation analysis, neutron and gamma radiography, radiobiology etc. 
Also important is the possibility of producing a wide range of radioisotopes as well as some 
development of applications in microelectronics, neutron therapy and measurement equipment 
calibration. The reactor RA would also be a convenient place for organizing training and 
education courses for students and for technical staff of different laboratories where nuclear 
technologies are used. Finally, by successful reconstruction of the reactor RA new possibilities 
appear for interregional cooperation with neighbouring countries. 
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II. Some particular performances of RA reactor 

Reactor RA has six radial experimental channels distributed around the reactor core as 
shown in Fig. 1. 

Figure 1. Vertical cross section (a), horizontal cross section; (b) of RA reactor: 
channels are designated by letters A,B,C,D,E and F and cross section of one of 
the channels is shown in (c) /For more details see the paper by M.Mesarović, "The RA 
nuclear reactor at Vinca Institute as an engineering and scientific challenge", presented at this 
Conference/. 

On the output of the channels some research equipments/2/ are situated such as: two-axis-
spectrometer channel (F), three-axis spectrometers channel (B), hybrid time-of-flight 
spectrometer channel (A) and semiconductor gamma detector channel (E), shown on Fig. lb. 
In addition to the above mentioned channels the reactor is provided with vertical channels (Fig. 
la) for irradiation of radioisotopes as well as with the thermal column which enables 
measurements and irradiations in thermal neutrons flux and small white cycles shown in Fig. lb. 
also. 

III. Fundamental research on medium flux reactor such as RA 

Thermal neutron scattering method provides a powerful tool for the study of static and 
dynamic properties of crystal and amorphous materials, liquids and magnetic materials at 
microscopic level. 
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Figure 2. Maxwellian Spectrum of thermal neutrons 

Heavy water reactor RA with soft Maxwellian spectrum is very promising type of reactor 
for fundamental research, applied research and for education purposes. The profile of the 
Maxwellian spectrum is shown in Fig. 2. 

The energy range of the 
Maxwellian spectrum spreads 
from 10 to 100 meV, i.e., 
2.8 to 0.9 A, which belongs 
to thermal energy region. 
Thermal neutron beams from 
reactor channels can be used 
for studies of crystal and 
magnetic structures of bulk 
materials and superlattices. 
lattice and spin dynamics, 
magnetic interact ions, 
magnetic excitations and 
correlations, magnetic phase 
transitions, spin waves, 
magnetic disordered systems, 
domain alignment in the 

magnetic compounds and their influences on magnetic anisotropy, coexistence of various 
magnetic phases, nuclear magnetism, etc. Particular effort will be concentrated on the spin 
glasses where magnetic properties and structure properties appear at the same time. 

Many of the problems investigated in magnetic materials can also be studied in non
magnetic materials such as ferrolectrics, amorphous and liquid phases, particularly liquid metals. 

For thorough investigation of the above mentioned phenomena it is necessary to extend 
Maxwellian spectrum towards lower and higher neutron energies. As an illustration in Fig. 3 is 
shown such an extended Maxwellian neutron spectrum of the famous ILL-Grenoble heavy water 
reactor. In the same figure, for comparison, the Maxwellian spectrum of RA reactor is shown. 

In order to extend the Maxwellian spectrum towards lower and higher neutron energies, 
cold and hot neutron sources have to be avaible. 

In Table 1, the quality of our reactor with respect to its performances is compared with 
performances of reactors in this part of Europe and with two well known French reactors. 

If studying of nanostructure and dynamics of different solid or liquid systems is planned 
in the future, it would be necessary first of all to build a cold neutron source on RA reactor. 
Cold neutrons are produced by utilizing hydrogen as refrigerating fluid which cools the thermal 
neutrons from the reactor core. These neutrons are particularly useful for studies of chemical 
clusters, magnetic short range order and magnetic clusters which are frequently present in 
disordered alloys, amorphous ribbons/3/ and diluted magnetic systems. Cold neutrons are also 
powerful tool in the investigations of macromolecules, such as polymers, liquid crystals etc. 

On the left side of the spectrum, shown in Fig. 2, is the region of hot neutrons. This 
region is especially useful for studying highly disordered systems such as: liquid and amorphous 
metals, spin glasses etc. If such investigations are planned in the future it would be also 
necessary to build a hot neutron source. 
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Figure 3. Maxweilian spectrum of thermal neutrons at ILL and RA reactors 

Table 1. 

V 
Reactor 

Country Power 
[MW] 

Became 
critical 

Thermal flux 
|n/cnr.s| 

ILL France 57 1971 1.4- 10'5 

LLB (Orphee) - 14 1981 3.0- 10N 

IRT Bulgaria 2 1961 3.2-10 1 3 

TRIGA DUAL CORE Romania 14 1979 2.6-10' 4 

WWR Hungary 10 1993 1.0 •IO 1 4 

GRR1 (Demokritos) Greece 5 1971 5.0-10" 

RA (Vinca) Yugoslavia 6.5 1960 1.0-10'4" 

* Data refer to enriched 80% fuel loaded in 1974. 



Assuming successful reconstruction of RA reactor with corresponding neutron I'lu.v the 
following three spectrometers/2,4/ could be used with minor modifications on channels A, B and 
F shown in Fig.4 

Figure 4. Schematic presentat ion of different neutron spec trometers 
a) Hybrid time-of-flight spectrometer, b) Three-axis neutron spectrometer, 

c) Two-axis neutron spectrometer 

During the eighties a project for development of neutron guides has been completed and 
brought to the stage where manufacturing was possible /5 / . This was result of a successful 
cooperation of our Institute with optical company "Zrak" in Sarajevo 161. Rough sketch of 
thermal and cold neutron guides is shown in Fig. 5.(a) with cold and thermal neutrons beams. 
Fig. 5.(b) shows a section of the neutron guide. Since the reactor was shut down/4/ in 1984 
planned manufacture of neutron guides lias been abandoned. 

Assuming the reactor reconstruction is accepted it would be wise to consider bui lding 
of the hot source, that could be placed on channel F. The usual method of hot neutron source 
construction utilizes a graphite sphere irradiated by backstrahlung. 

IV. Isotope production activities 

The purpose of this part of present report is to represent production of radioactive 
isotopes on medium power nuclear reactors such as RA reactor. For production of radioactive 
isotopes in nuclear reactor two nuclear reactions are mostly used ( 0 , 7 ) and (n.t'is).For 
irradiation, specially prepared "targets" are used. Targets can be either solid or liquid or 
gaseous. As a product of the above mentioned reactions radioactive isotopes are created and they 
emit a ,/3 ,7,x k and n radiation with different energy spectra. 

Certain number of nuclear centers produce radioisotopes from fission products. They are 
available for sale as partly finished or as completely finished products. 
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Figure S Rough sketch of assembled neutron 
guides on channel C of RA rector as planned 
during the development stage (a), section of 
the neutron guide (b). 

Radioisotopes are used for the following 
fields and activities: nuclear medicine, radiotherapy, 
industrial automation and monitoring of technological 
processes,industrial radiography, sterilization of 
medical equipment and other products, geologic 
survey, calibration of various equipment, for 
metrology, sciences and education etc/7/. 

Radioactive materials as final products are 
delivered as open or closed radiation sources. 

Open sources are mostly used as radioactive 
tracers for monitoring certain chemical, physico-
chemical and biological processes. For these 
applications are mostly used radioisotopes with 
shorter disintegration half-life. In closed sources of 
radiation, radioactive material is hermetically sealed 
or closed in order to prevent contamination of the 
environment. For application of these sources all 
effects originating from the interaction of radiation 
and matter are used. 

In this report we shall give a short survey of 
applications of most important radionuclids that can 
be produced and isolated in medium power nuclear 
reactors such as: , 3 , I . , M Au, 5 l Cr, W 3 Hg, 3 ! S and 
others and among them is our reactor RA/8/. 

I.-Nuclear Medicine is a field where a wide 
spectrum of radioactive isotopes (Rl) is used. They 
are used in radio pharmacology and for diagnostical 

and therapeutical applications. Depending on application method, we distinguish "in vivo" and 
"in vitro" products. Most frequently used isotopes in this field are T c and U I I . T e is mostly 
produced by using (n.fis) reaction. From fission products is separated "Mo. From "Mo 
decay "Mo T c is produced. Some nuclear centers produce these radioactive isotopes and 
distribute them as partly finished or as final products. Among final products T c generator is 
the best known. ""Tc is used as a tracer in various diagnostics products. Radioactive isotopes 
1 3 I J is mainly produced by (n,y) reaction. It is used as a compound for "in vivo" diagnostic 
application and in radiotherapy (tyroid, kidneys, liver, lungs, blood, etc). 1 M I has longer half-life 
of decay than 1 3 1 I and is mostly used for "in vitro" applications in diagnostic. All the above 
mentioned radioactive isotopes are specified in Table 2. 

I.-Medical radiotherapy -In medical radiotherapy closed radiotherapy sources of high specific 
activity are used. Most of these sources can not be produced in medium power nuclear reactors. 
This applies particularly to powerful sources "Co used for teletherapy and to sources I S 2Ir used 
for brachytherapy. Besides these two sources, I 3 1 Cs sources are used. They are produced from 
fission products. RI with smaller specific activity are used for interstitial implant treatments 
("Ir .^Au, 1 J 1 Cs and , M I ) and for superficial treatments f°Sr, 5 0 and "*Ru). All above mentioned 
RI are specified in Table 3. 
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Table 2. 

RI Radiation energies [MeV RI 

a 7 
9 < t o T c 6.01 hours 0.140 0.018 

8.02 days 0.334 
0.606 

0.08 
0.284 
0.364 
0.637 
0.722 

1 0 9Au 1.83.102 days 0.285 
0.961 

0.412 
0.676 

0.072 

5 , Cr 2.77.10' days 0.32 0.005 

1.43.101 days 1.71 
3 5S 8.74.101 days 
I23J 5.99.10 7days 0.167 0.035 0.027 

Table 3. 

RI Trn Radiation energies [MeV] 

a 7 

«°Co 5.27 years 0.318 1.173 
1.333 

1 M I r 73.8 days 0.256 
0.536 
0.672 

0.296 
0.308 
0.316 
0.468 
0.604 
0.612 

1 5 7 Cs+ 
133™Ba 

30.2 days 0.511 
1.173 

0.662 0.032 

m A u 2.7 days 0.285 
0.961 

0.412 
0.676 

0.072 

w S r + M Y 28.2 years 0.546 
2.284 
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RI Radiation energies [MeV] 

a Ami 7 

«*Ru+'«>Rk 373 days t.979 
2.407 
3.029 
3.541 

0.512 
0.622 
1.05 

iijj 59.9 days 0.035 0.027 

3.-Industrial automatics - For automatic control of technological processes or for monitoring 
some parameters in technological processes a large number of closed radioactive sources is used 
which have somewhat longer half-life. For level regulation in closed systems, radioisotopes "'Co 
and 1 3 7Cs are most often used. In industrial processes such as rolling of metal ribbons and foils, 
rolling of plastic foils and deposition of a layer on foils radioactive isotopes such as l 3 7 Cs. '"'Co. 
a ' A m ( y -emitter), M Sr + W Y, '"Pm, 3 0 4 T1, "Kr etc. are used. Which isotope is going io be 
used depends on density and thickness of the material passing through rollers. All abmi: 
mentioned RI are specified in Table 4. 

Table 4. 

RI Radiation energies [MeV] RI 

a L 7 

"Co 5.27 years 0.318 1.173 
1.333 

l 3 7Cs-t-1 J""Ba 30.2 years 0.511 
1.173 

0.662 0.032 

2 4 1 Am 433 years 5.443 
5.486 

0.060 

1 4 7Pm 2.62 years 0.225 

s o S r + 9 o Y 28.2 years 0.546 
2.284 

T l 3.78 years 0.763 

"Kr 10.7 years 0.173 
0.687 

0.514 

3 0 4 



4.- Industrial radiography 

For this assignment only very powerful isotopes can be used as shown in Table 5. 

Table 5. 

RI T „ Radiation energies |MeV| 

or 7 
l w I r 73.8 days 0.256 

0.536 
0.672 

0.296 
0.308 
0.316 
0.468 
0.604 
0.612 

"Co 5.27 years 0.318 1.173 
1.333 

1 5 7Cs+ 1 3 7 l*Ba 30.2 years 0.511 
1.173 

0.662 0.032 

3.2 days 0.063 
0.109 
0.13 
0.177 
0.198 

0.05 

" S r + T 28.2 years 0.546 
2.284 

V. Calibration of measuring equipment in radiation metrology 

Large number of sources are used with all kinds of radiation and various dimensions. 
Laboratories for radiation metrology, centers for equipment calibration, institutions for nuclear 
medicine and therapy posses a large number of various standards. For these sources, their 
activity has been accurately measured (+1-2%). Nearly all radioisotopes with relatively longer 
half life are used. Long life radioisotopes are used as standards for measurements of activity of 
isotopes with short half-life providing they have nearly the same energy spectrum. 

Instead of summary we would like to point out the following: 
If we are planning the reactor RA reconstruction it is also, necessary to plan building of all 
equipment for fundamental research, applied research and educational activities. 
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