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Abstract 
The experimental programme at the TRIGA Mainz covers a wide range of 
applications in different fields. Two of the four beam tubes are used for the 
development of fast and mainly continuous chemical separation procedures. These 
procedures are applied for the investigation of short-lived nuclides and for studies 
of the chemical behaviour of the heaviest elements. At the third beam tube an 
on-line mass-separator facility with a microwave-induced plasma as an ion source 
is installed. Very recently the fourth beam tube has been modified for the production 
of polarized neutrons by interaction with optically pumped 3He atoms. 

The other irradiation facilities are used for Neutron Activation Analysis (NAA) of 
different samples, among them geological and environmental ones, tracer production 
for chemical investigations, neutron irradiations of rat brain tissue to explore the 
utility of 157Gd for cancer therapy and y-ray irradiations for biological purposes. 

1. On-line separation of fission products 
For the separation and subsequent investigation of short-lived nuclides from complex 
reaction product mixtures as, e.g., obtained in thermal neutron-induced fission of 
135U, 239Pu and 249Cf fast procedures are required. Such procedures have been 
developed HI by combining a gasjet system with either continuous 12, 3/ or 
discontinuous /4/ chemical separation facilities. Separation times of only a few 
seconds can be achieved, including transport time in the gas-jet system (=1 s at 
the TRIGA Mainz). On-line mass-separation 151 is another approach in this field. 
Here the separation time is limited by the transport time in the gas-jet. 

Figure 1 shows a horizontal section view of the TRIGA Mark II reactor in Mainz 
indicating the positions of the beam tubes. 

1.1 Fast centrifuge system SISAK 3 
In the last years most of the chemical experiments have been performed with the 
fast chemical separation system SISAK 3 which has been developed and applied 
in a cooperation between the Institut fur Kernchemie in Mainz, the Chalmers 
University of Technology in Goteborg and the University of Oslo. 

This centrifuge system SISAK 3 121 allows a continuous separation of nuclides with 
half-lives down to =1 s. It is based on fast multistage solvent extractions using 
specially designed mini-centrifuges (45000 rpm, 0.3 ml volume) for phase separation. 
In a degassing unit the reaction products attached to clusters - as delivered from 
the gas-jet - are dissolved in an aqueous solution and the transport gas as well 
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Figure 1: Horizontal section view of the TRIGA Mark H reactor. At beam tube 
positions A, C and D gas-jet transport systems can be installed and coupled to 
fast chemical separation facilities (A and D) or an on-line mass-separator (C). 

Beam tube B has been modified for the production of polarized neutrons. 

as gaseous fisson products are removed. Then the aqueous solution is contacted 
with an organic phase containing an extractant for a selective and quantitative 
extraction and the two phases are separated in the centrifuge within 0.1 s. Depending 
on the chemical behaviour of the element to be separated a multi-step procedure 
may be necessary. The experimental set-up for such a multi-step extraction is 
shown in figure 2. 

After the fast separation step the phase containing the activity is continuously 
pumped through a detector cell at flow rates between 0.1 and 3.0 ml/s. 

In a recent application the SISAK-system has been used to perform $-y/y 
coincidence measurements on 110Tc produced in the fission of 249Cf. An experimental 
programme has been initiated to study the chemical behaviour of element 106 
produced at the heavy-ion acclererator UNILAC of the Gesellschaft fur 
Schwerionenforschung in Darmstadt. Two isotopes - 265106 and 266106 - with half-lifes 
of 10-30 s are expected which are well suited for chemical investigations on element 
106. Separation procedures for the transactinide elements 104, 105 and 106 have 
been developed with carrier-free amounts of their lighter homologues Zr, Nb and 
Mo produced by thermal neutron-induced fisson of 239Pu at the TRIGA reactor. 
With SISAK 3 a single-step extraction procedure is sufficient. 
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For subsequent on-line a - and spontaneous fission measurements of transactinide 
elements a completely new detection system based on liquid scintillation spectroscopy 
has been worked out and tested 161. For this an organic phase consisting of an 
extractive scintillator is used. 
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Figure 2: Experimental set-up of the SISAK centrifuge system for multistage 
extraction. For the separation of Tc or element 106 a singe-step procedure is 

sufficient. 

1.2 On-line mass separator facility HELIOS 
On-line mass separation of ions using a quadrupole mass filter is applied in the 
HELIOS apparatus (see fig. 3) installed at beam port C of the TRIGA Mainz. 
Whereas with conventional ion sources high yields can be obtained only for elements 
with first Ionization potentials up to approximately 8 eV, the microwave-induced 
plasma (MIP) operated at atmospheric pressure with helium as plasma supporting 
gas is a powerful ion source for elements with higher first d connected with higher 
first ionization potentials II, 8/. It can easily be coupled with a gas-jet system and 
connected with an on-line mass separator /9/ because helium can serve as transport 
and plasma gas. By means of a specially designed interface the atmospheric pressure 
plasma is connected with the high vacuum part of a quadrupole mass filter. Aerosol 
particles entering the plasma discharge are almost completely vapourized /10/ and 
the attached fission products are released into the hot plasma and Ionized therein. 
By means of a static ion deflector the mass separated fission products are implanted 
in a Capton foil placed in front of a Ge-detector. First test measurements with 
mass separated fission products from a 235U target have just been performed. 
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Figure 3: HELIOS mass-separatorfacility with a microwave-induced plasma ion 
sourcepperating at atmospheric pressure. 

2 He neutron spin filter 
A facility for the production of polarized neutrons by interaction with optically 
pumped 3He atoms has been installed at beam port B. It consists of a neutron 
collimator, a spherical glass cell placed between Helmholtz-Coils and filled with 
polarized 3He under a pressure of 10 bar, a subsequent analyzer crystal and a 
neutron counting device to determine the yield of polarized neutrons. Figure 4 
shows schematically the beam collimator. At the exit of the collimator the spin-filter 
cell (60 mm in diameter) is placed and exposed to a neutron flux of 5.105 n/cm2s. 

In the cell the reaction 3He(n,p)T takes place. In the case of optically pumped 
3He the cross section is very high for neutrons with antiparallel spin whereas it 
is almost zero for neutrons with parallel spin as illustrated in the following scheme: 

n(tf),n(fl) I > n(tf) 

2-4 



In this way a very effective neutron spin filter / l l / has been created in a collaboration 
of the Institut fiir Physik, University Mainz with the Ecole Nationale Superieur in 
Paris, the Hahn Meltner Institut in Berlin and the Institut Laue-Langevin in 
Grenoble. 

It could be shown that polarized 3He atoms can be sored for many hours in the 
cell without a significant loss in polarization. Such a simple arrangement is very 
important in the field of neutron physics and for neutron scattering experiments. 

Hot end: 1.8 x 1011 n/cm2s Exit: 5.0 x 105 n/cm2s 

Figure 4: Cross section view of the beam collimator for the He spin-filter facility. 
The spherical filter cell placed near the exit of the collimator is exposed to a 

neutron flux of 5.1(T n/cm s. 

3. Other irradiation experiments 

3.1 Neutron Activation Analysis (NAA) 
Neutron Activation Analysis is a powerful tool for multielement analysis in various 
samples. In the following different applications of NAA at the TRIGA Mainz /12/ 
are given: 

• determination of platin group elements and lanthanides in geological samples 
and of platinum in glass 

• determination of halogens in water and of trace elements in food samples 

• determination of heavy metals in fly-ash 

• investigation of corrosion phenomena in dental alloys 
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The irradiations for Neutron Activation Analysis (in 1993 all together 5409 
irradiations) have mainly been carried out in the pneumatic transfer systems and 
in the rotary specimen rack. 

3.2 Neutron and y-irradiations 
Irradiations in the rotary specimen rack and in the central thimble are frequently 
performed for the production of radioactive tracers as required for chemical and 
medical investigations. 

Very recently a group of radiologists at the Mainz University Hospital has explored 
the utility of 157Gd for cancer therapy /13/. For this a tumor in a rat brain is 
saturated with 157Gd and then exposed to the neutron flux of the thermal column 
of the TRIGA reactor for 30 minutes. The cross section for the 157Gd(n,y)158Gd-
reaction is extremely high (254000 barn) and the resulting 7.9 MeV y-irradiation 
is highly converted to electrons. This should result in a high dose rate in the 
tumor. It is expected that the surrounding tissue remains almost unaffected. 

Furthermore the effect of y-rays on DNA /13/ and on the decomposition of 
halogenated organic compounds in waste water /12/ is studied 
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