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SEARCH FOR TECHNETIUM IN NATURAL TIN 
METALLURGICAL RESIDUES' 

G. W. Parker 
Chemical Technology Division, Oak Ridge National Laboratory 

P.O. Box 2008, Oak Ridge, Tennessee 3783 1-6221 

ABSTRACT 

Possible instability of baryons inside the nuclei might result in accumulation of rare isotopes in 
natural ores.' In this respect, isotopes of technetium have certain advantages that can be usehl in the 
search for technetium in nonradioactive ores by chemical methods. In this paper, we review the history 
of technetium research and discuss a new approach to the search for natural technetium associated with 
tin ores which appears to offer a rare possibility of discovering a smelting operation by-product such as 
flue dust, in which the volatile technetium heptoxide (T$O,), like rhenium heptoxide (R%O,), would 
be expected to concentrate. Our concept of a search for technetium in these materials would be based 
on the assumption that traces of rhenium could occur in the ore and could be traced most easily by 
neutron activation of small samples. Such a procedure would confii that an enrichment from the ore 
to the flue dust actually occurs with the rhenium and therefore should occur with technetium. 
Furthermore, this occurrence should identify the best location to search for technetium. 

1. INTRODUCTION 

Possible instability of baryons inside the nuclei might result in accumulation of rare 
isotopes in natural ores. Since the technetium does not have stable isotopes, its detection in 
nonradioactive ores might be an indication for baryon instability processes.t We consider a 
new approach to the chemical extraction and concentration of the traces of natural technetium 
fiom the tin ores. This new approach is based on a comparison of the boiling points of these 
two oxides, showing them to be remarkably close, 31 1 "C for TGO, and 362°C for R%O,. 
In a given air-cooled stack, therefore, technetium would deposit a little higher in the stack. 
However, there would be significant overlap. 

Existing experience of extraction of technetium is related exclusively to the artificially 
produced element 43 from uranium fission or fiom cyclotron bombarded molybdenum. So 
far, natural technetium has not been detected in nonradioactive ores. Section 2 will give a 
review of more than 70 years of history of technetium search and existing extraction 
techniques. 

Since our new approach is based on a chemical similarity of technetium and relatively 
more abundant element rhenium, we will discuss the existing methods of rhenium extraction 
in Sect. 3. 

'Research sponsored by Oak Ridge National Laboratory, managed by Lockheed Martin 
Energy Research Corp. for the U.S. Department of Energy under contract number DE- 
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These two chemical extraction processes (technetium and rhenium), coupled with the 
sensitive neutron activation analysis, are expected to form the basis for our search for 
naturally occurring technetium. 

2. ISOLATION OF ELEMENT 43 FROM URANIUM FISSION 
(HISTORICAL REVIEW) 

In 1925, Noddack, Tacke, and Berg' reported the discovery of two new elements of the 
manganese group and presumed them to be of atomic numbers 43 and 75. Later work has 
substantiated their claim on element 75 (now known as rhenium), but their work on 
element 43 has not yet been confirmed. 

In 1937 and again in 1939, articles appeared by Perrier and Segr6,25 defining some of the 
physical and chemical properties of a long-lived radioactive component extracted from 
cyclotron bombarded molybdenum, which they declared to be element 43. A later paper in 
1939 by Seaborg and Seg1-6~ discussed the decay scheme of a 6.6-h 43 isotope, which was 
also extracted fiom cyclotron bombarded molybdenum, and concluded that it should exhibit 
a ground state half-life in excess of 40 years. 

As early as 1943, the classified literature of the Manhattan Project contained references 
and possible analytical schemes for element 43, and Glendenin' suggested in November 1943 
that the half-life exceeded 3000 years. Until late 1945, experimental evidence failed to show 
that even trace amounts of a long-lived activity existed in fission product mixtures. Schuman6 
announced in February 1946 a new fission product activity that carried well on Re$, and 
followed the 6.6-h 43 daughter activity of 67-h %o with an estimated half-life of 
-3 x io'years. 

However, in all of these cases, the amounts isolated were of such small magnitude that 
only radiochemical techniques were available for identification purposes. Motta et al.'-* 
investigated neutron induced activities in ruthenium and molybdenum during most of 1946 
and reported two isotopes of element 43, one of -90-d half-life and another 2 to 
4 x lo6 years. 

2.1 F M T  SMALL SCALE RADIOCHEMICAL ISOLATION OF "Tc 

Early in 1946, active investigation was begun by the autho? in an attempt to isolate visible 
amounts of the long-lived isotope of element 43 fiom fission. The general scheme for 
isolation conceived consisted of dissolving long-bombarded uranium slugs, precipitating the 
acid insoluble sulfides on suitable carrier, filtering, dissolving the precipitate, and distilling the 
43 from the dissolved precipitate with H,SO,. A number of tracer experiments were run 
using the 6.6-h 43 isotope that resulted in the following conclusions. 

1. The uranium slugs were dissolved in HCI rather than HNO,, as has been usual. 
This eliminated a changeover step from the nitrates. 

2. Because the chloride solution as it is formed in the dissolver contains so much 
solid material, probably UCl,, an oxidation step was necessary to change the UCI, 
to UO,CI,. It was found that H,O, addition followed by Br, and aeration gave a 
solution which couId be handled successhlly. 



In August 1946, the preliminary tracer experiments were complete, and the process was 
transferred to a shielded cell, adapted to remote control, and hot runs started. Yields were 
collected and combined from the first 5 slugs, processed, and precipitated as the carrier-free 
sulfide. Samples were prepared for spectrographic analysis, and spectrograms were 
photographed by D. Timma" in September 1946. Samples were prepared to produce the 
X-ray emission spectra" that was successfidly photographed with appropriate standards in 
December 1946 (Fig. 1). The sample shown by the X-ray spectra is chiefly element 43. The 
lines of element 43 measured were Kal, Ka2, and qZ. The agreement of the observed 
wave length assignment and calculated values are apparent in Table 1. The chemical and 
physical history of the material, together with the controlled conditions in obtaining the X-ray 
spectra, is conclusive evidence that this material is element 43. 

Table 1. Observed and calculated values for X-ray lines of element 43. 

Element Line Calculated XU Observed XU 

43 Ka2 677.77 677.8 

43 KaI 673.37 673.5 

43 KP1 600.14 60 1.4 

43 K,, 589.18 589.9 

2.2 HOT CELL INSTALLATION FOR LARGE SCALE EXTRACTION OF 
TECHNETIUM 

In the process of selecting a carrier for technetium suitable for a precipitation process to 
be used in the recovery of wTc from radiochemical wastes, a method employing perrhenate 
as a carrier and tetraphenyl arsonium chloride (TPA chloride) as the precipitant was first 
proposed because of the unique similarity between the pertechnetate ion and the perrhenate 
ion. For several reasons, including the cost of rhenium and the difficulty of later separating 
it from the technetium, a substitute carrier that could be used liberally and separated easily 
was sought. The pilot-plant size installation is shown in Fig. 2. 

Besides perrhenate, it has been found that any of a certain type of anion, especially those 
comprising the perhalogen acids perchlorate and periodate, will form an efficient carrier for 
pertechnetate. Of these, periodate is the most effective, although for decontamination 
perchlorate is more satisfactory. Besides these, fluoborate @F[) is at least as good as if not 
better than perrhenate, while permanganate is fair but forms an explosive mixture. The fact 
that anions of the type XY; form the only good carriers seems to support the formula TcO;. 
A few anions of the form XY,', such as CrO,' or S,Os=, carry in a much weaker fashion with 
large excesses of the reagent. The flow plan,'* including the crude precipitation and the 
purification process used to recover a total of 18 g of technetium, is shown in Fig. 3. 
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Fig. 1. First X-ray spectrograms of element 43 with adjacent molybdenum 42 
and ruthenium element 44 (December 1946). 



Fig. 2. Hot-cell process for technetium recovery. 
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Fig. 3. Hot-cell flow plan for extraction of technetium from fission product waste. 



3. EXTRACTION OF RHENIUM 

In 1929, Ida and Walter Noddack described the preparation of 1 g of rhenium metal from 
660 kg of a Norwegian molybdenite. This constituted the largest single preparation of the 
metal in the 4 years following the announced discovery of the element by the same authors 
in'l925. 

Prior to World War 11, all of the rhenium of commerce was extracted from the 
molybdenite residues recovered from the Mansfeld copper schists of Germany. Annual 
production capacity was reported to be 120 kg/year at a cost of -$2.40/g. If this source has 
been exploited for rhenium since the close of the war, no mention of it has been found in the 
literature. 

For a number of years, the only known U.S. commercial source of rhenium was a flue 
dust resulting from the roasting of an Arizona molybdenite. The origin of the rhenium- 
bearing molybdenite is a copper sulfide ore mined in the vicinity of Miami, Arizona. Over a 
period of 10 years, - 17 tons of the above mentioned molybdenite roaster flue dust has been 
processed for its rhenium content at The University of Tennessee. From this material -240 lb 
of rhenium has been extracted in the form of potassium perrhenate. The flue dust thus far 
processed in this operation was found to be ofvariable composition with the rhenium content 
varying from 3,000 to 16,000 ppm (0.3 to 1.6%). 

The process for the technical preparation of rhenium having its origin in the Mansfeld 
copper schists of Germany has been described by Feit.13 A summary of the process used prior 
to 1940 follows. 

Treatment of the Mansfeld copper ore by an unstated metallurgical process gave rise to 
a complex sulfide slime containing salts of Cu, Mo, Ni, Fey V, and Re together with minor 
amounts of other elements. After weathering in air for several months to more than a year, 
the sludge was leached with water. The leachings were next concentrated by spontaneous 
evaporation in the open with the consequent precipitation of calcium, copper, and nickel as 
sulfates. 

After separation of the solid sulfates, the leach was firther concentrated by heating and 
then cooled to remove more of the heavy metal sulfates. This process was continued until the 
leach had a specific gravity of 2. At this point, the solution was treated with a solution of 
ammonium sulfate to precipitate the insoluble nickel-ammonium salt. Further evaporation of 
the mother liquor, followed by addition of solid ammonium sulfate, gave on cooling additional 
nickel-ammonium sulfate together with complex ammonium salts of the heteropoly acids of 
phosphorus, vanadium, and molybdenum. The ammonium sulfate treatment was continued 
until only ammonium sulfate separated. The pale yellow liquor remaining from the above 
series of concentrations and precipitations gave on treatment with potassium chloride an 
impure potassium perrhenate. Solution of the latter in hot water, followed by filtration to 
remove a flocculent precipitate, gave a colorless filtrate from which nearly pure potassium 
perrhenate separated on cooling. 

In some respects, the process in use at The University of Tenne~see'~ for the extraction 
of rhenium is Similar to that described by Feit. The overall process, however, is much simpler 
and less time-consuming than the German method. 



The flue dust from which the rhenium is extracted is obtained from the Miami Copper 
Company of Miami, Arizona.” The original ore, mined primarily for its copper content, 
contains copper as the sulfide together with a small amount of molybdenite. Associated with 
the latter is rhenium, presumably as the sulfide. After crushing and grinding the ore, the 
sulfides are concentrated by flotation. A second flotation operation serves to separate the 
copper and molybdenum sulfides, the rhenium following along with the molybdenum. 

Roasting of the molybdenite converts the molybdenum to molybdenum (VI) oxide, MOO,, 
and the rhenium to rhenium (VII) oxide, Rq0,. The conversion, however, is not 100% 
complete, and, as a result, there is collected at one stage of the operation a product described 
as “molybdenite roaster flue dust.” This product contains unaltered molybdenite, water- 
soluble complex molybdenum compounds of an undetermined composition, and rhenium 
(VII) oxide or soluble perrhenates, together with minor amounts of other constituents. On 
exposure to moist air, the flue dust eequently absorbs water. The moist product or its water 
solution, as might be expected, is acidic. 

Extraction of the rhenium from the flue dust is carried out in a large “Ceratherm-500” 
vacuum filter equipped with a “Filterstone” porous plate. The upper bowl of 100-gal capacity 
is separated from the 50-gal lower bowl by the 2-in.-thick porous tilter plate. With air passing 
up through the porous plate, 200 lb of water, or washings from a previous extract, is placed 
in the upper bowl of the digester and 200 lb of flue dust added. The digestion is carried out 
for 1 h or until all solids are uniformly dispersed. With the air stream cut off, a vacuum is 
applied to the lower bowl to separate the soluble fraction containing the rhenium from the 
insoluble fraction that consists largely of molybdenite. The filtrate is then transferred to a 
storage tank where it is allowed to remain for several hours in order to allow any fine particles 
of molybdenite to settle. In the meantime the molybdenite cake remaining on the porous plate 
is digested with two separate 100-lb batches of fiesh water. The washings are combined for 
use in digesting fresh flue dust. 

The supernatant liquid from the initial extraction is transferred to a second digester, 
similar to the flue dust digester but on a smaller scale. With air passing through the solution, 
1 Ib of finely ground potassium chloride is added per 1.5 gal of extract. The air stirring is 
continued for 30 min to 1 h to insure complete solution of the potassium chloride and pre- 
cipitation of the potassium perrhenate. On completion of the digestion, a vacuum is applied 
to the lower receiver to separate the insoluble potassium perrhenate from the soluble portion. 

Two beneficial effects result from the above processing operations. In the initial 
digestion, there is a noticeable rise in temperature on solution of the flue dust in water. 
Secondly, on treating the extract with solid potassium chloride, the digestion mixture is 
cooled, thereby rendering the potassium perrhenate less soluble. The processing equipment 
used in the extraction and precipitation operations is represented in Fig. 4. A flow diagram 
of the process is shown in Fig. 5. 

4. CONCLUSION 

Chemical processes of technetium and rhenium separation described above, coupled 
with the sensitive neutron activation analysis, are expected to form the basis for efficient initial 
extraction of naturally occurring technetium. 
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Fig. 4. Extraction of rhenium. 
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