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Q Qm 
The radionuclide Tc has a unique position in nuclear medicine 
as the isotope of choice for preparing different radiopharma
ceuticals for organ imaging and dynamic function studies. Because 
of its favourable nuclear characteristics, like short half-life 
of 6.02 hrs, absence of 3"-r'adiation, convenient yray energy of 
142.6 keV, the potentialities of this radionuclide are immense, 
especially when used in conjunction with a gamma camera. 
Short lived ^Tc is generated by the 3"-decay of its long lived 
99 99 
Mo parent. Three different methods of obtaining Mo have 

been described in literature. Neutron irradiation of natural or 98 enriched Mo is the most common method of production; separa-
99 tion of Mo from fission products gives higher specific activi-

99 ties; and finally Mo can be produced on the cyclotron using 
100 99 98 99 

Mo(p,pn) Mo or Mo(d,p) Mo reactions. The different chemi-
99 99m 

cal behaviour of the Mo parent and Tc daughter nuclides 
enables multiple and repeatable separations to be made, based on 
the parent-daughter equilibrium, in so called generator systems 
which in practice are strongly dependent on the specific activi-

99 
ty of Mo. There are basically three different separation pro
cedures used as generator systems (1,2,3). The most common me-
thod is the elution of the Tc with saline from an alumina ad
sorption column. Second are solvent extraction methods and third, 
the recently reported sublimation method (1). Advantages and dis
advantages of all these separation techniques are discussed else
where. 
Having a TRIGA II reactor, we have examined the possibility of 99 producing Mo and developing a usable generator system with the 
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aim of being independent of commercial suppliers and of trans
portation problems. In our approach to this problem we have 

99 
started with the fbllowing requirements: 1. Mo should be pro
duced by the (n,y) reaction in the reactor, so that no other 
highly radioactive waste should be coproduced as would be the 
case if a fission reaction was used; 2. inexpensive natural 
Mo0 3 should be used as target material; 3. a very simple, re-
peatable and reliable separation technique should be developed. 

99m Of possible methods of separation Tc from very low specific 
99 activity Mo, such as we can produce, only solvent extraction, 

or sublimation technique are suitable. There are some problems 
with extraction of highly radioactive samples, caused by radia-
ton damage of solvents. On the other hand, in our laboratory 
the sublimation technique has been successfully applied in se-

12 3 197 
paration of I from TeO~ and Hg from Au targets, so we de-99 99m cided to use this method also for Mo- Tc separation. First 
observed and described by PERRIER and SEGRE in 1937 (4), the 
method is based on the different volatility of MoO., and Tc~0 7. 

99 99 
Production rates for Mo are shown on the first slide. Mo 
was produced either at the Heidelberg reactor, with a neutron 

13 2 
flux of 1x10 n/cm sec ( shortly to be increased five-fold), 13 2 or at the Karlsruhe reactor, with a neutron flux of 8x10 n/cm 
sec. Irradiation times were between 1 and 96 hrs and we irradia
ted MoO-. in batches up to 5 grams. Using the same conditions, 98 98.3% enriched Mo as Mo0 3 has also been irradiated in amounts 
up to 350 mg. 
We have tested a previously described thermal separation tech
nique (5,6) which requires only a single oven and the main dis-

99m advantage we have found is the low yield of Tc (about 30-40%). 
9 9m We have examined the dependence of the yield and purity of Tc 

Q Qrn 

on temperature, and found higher yields of Tc at elevated 
temperatures, but also that Mo0~ sublimes considerably, leading 
to substantial contamination of the product. Low yields at low 
temperatures could be possibly caused by formation of crystalline 
MoO., which retards the diffusion of technetium pertechnetate. We 
decided to use a two-oven technique in the expectation that com-
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plete evaporation of both oxides followed by fractionated con
densation of MoO- and then Tc 20 7 would result in increased 
yields, and reduced processing time. To realize this idea, a 
new high-temperature generator has been developed and tested. 
The basic experimental equipment, schematically presented on 
the next slide, consists of two cylindrical electric resistance 
ovens situated side by side heated to different temperatures. 
The quartz tube system has connection for sweeping gas on one 
side and a collecting tube on the other side. The Mo-Tc-oxides 
are completely evaporated in the quartz tube in the first oven 
heated to about 1050 C and swept by a stream of oxygen or dried 
air (about 20 ml/min) to a cooler zone in the second oven with . 
a temperature of about 600 C, where MoO., condenses. 

Tc remains in the gas phase and is carried through the second 
oven, condensing outside the heated zone on the first 5 cm of 

9 9m the collecting tube. Tc can be washed from this tube with a 
little physiological saline and subsequently sterilized by 
Millipore filtration. The whole operation takes approximately 
25 minutes. Optimal conditions for temperatures in both ovens, 
type of gas and gas flow were studied. The distribution of 
9 9m 

Tc along the all-quartz apparatus was measured after separa
tion and typical result is shown on the next slide. Two diffe
rent ways lead to repeatable multiple separation. Since the 
condensed Mo0 3 after the first separation is 6-10 cm away from 
the starting position, the quartz tube can be moved for the 
next separation so /that the MoO., is again in the middle part of 
the hot oven. Alternatively for the second and subsequent sepa
rations both ovens change roles, the inlet for sweeping gas and 
the cooling tube change place, and the separation then runs in 
the opposite direction. This high-temperature generator can be 
used with the same frequency as other types of generator. The 
maximum of MoO-. we have used was 5 grams. An example of multiple 99m separation is given on the next slide. The yield of Tc does 
not change on repeating the separation and, on average, is 

9 9m 
higher than 85%. The amount of Tc transferred into the solu
tion from the cooling tube is usually higher than 80%, so in 
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practice an overall yield of 75% is normally achieved. In 
comparison with the results of other authors (6,7) it can be 
seen that higher '^Tc yields have been obtained especially in 
repeated separations. Radiochemical purity of the product was 

99 99m 
determined by y-spectroscopy. Mo contamination in the Tc 
yields, has been found to be lower than 1 nanoCi for 1 mCi of 
9 9m 

Tc and does not exhibit any appreciable dependence on the 
number of separations. All other contaminants are caused by the 99m impurities in the MoCU employed. Usually we found in Tc from 

— 4 82 — "} 1 RR 
the first separation 1x10 % Br and 5x10 % Re and some 
1 8fi 

Re. The second separation reduced the impurities by least a 
factor 100, and from the third and subsequent separation the 
impurities could hardly be detected. Volatile impurities can be 
removed from inactive Mo0 3 by an initial clearing run. Since the 
distilled MoO, does not undergo noticeable alterations, enriched 
98 
Mo, if used, can be recovered very easily with more than 95% 

yield. Based on our experience of Mo-Tc separation using two 
ovens, we are now constructing for routine use a single oven 
in which the required negative temperature gradient will be 
maintained, and which can be moved an appropriate distance along 99m the separation tube each time a fresh batch of Tc is required. 
Summary 

99 99m 99m 
The Mo- Tc generator is described for separation Tc from 
99 
Mo by means of complete distillation of gram amounts of neutron 

98 
irradiated natural or Mo enriched molybdenum trioxide. Distilla
tion and overall separation time take less than 30 minutes. 

99 99m Overall yield is higher than 75%. Mo contaminant in Tc pro-
Q Qrp duct has been found lower than 1 nanoCi per 1 mCi Tc. 
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S l i d e 1 

i 

Target Weight 

material 

(g) 

Mo03 nat. 5 

M0O3 nat. 5 

M0.O3 nat. 5 

MoOj nat. 5. 

MoO, enr. (98,3%) 0,33 

MoO, enr. (98,3%) 1 

M0O0 enr. (98,3%) 5 

00 
Practical production rates of Mo 

rradiation Neutron Observed Calculated 

time flux 9 9 Mo yield sat. activity 

(h) (n/cm sec) (mCi) (mCi/g) 

24 l x l O 1 3 69 62 

72 l x l O 1 3 164 62 

24 8x l0 1 3 552 495 

72 8x l0 1 3 1315 495 

72 8x l0 1 3 340 1942 

72 8x l0 1 3 1050 1942 

24 5x l0 1 3 1352 1213 



S l i d e 2 

TWO-OVEN SEPARATION GENERATOR 

Temperature characteristics of the electric resistance ovens 

Temp. 

1200 18C 

1000 

500 

0 30 60 cm 

Sweeping gas 
Collecting tube 

MoOo before and after 

separation. 
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S l i d e 3 

DISTRIBUTION of the ACTIVITIES along the 

QUARTZ TUBE after SEPARATION 

Activity 

100 
99% 

99Mo 
9 9 m T c 

88% 

50 -

0 

<0.1% 12% 

60 cm 
distance along tube 

0-
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S l i d e 4 

Results of repeated separations 

i 
o 

Separation Time from the EOB 

(no.) (h) (mCi 

1 26,5 260 

2 50,0 201 

3 74,5 152 

4 98,0 114 

5 170,0 68 

Yield of 9 9 m T c 

(%) 

78 

82 

79 

91 

Contaminants 
99 Mo (%) 

9xI0" 4 

4,4xl0" 4 

6,0xl0"4 

3,0xl0~4 

2,5x10 -5 

82 Br(%) 

1,4x10 

1x10' -6 




