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To study the processes of separation of molybdenum and technetium, rhenium, which has chemical properties close

to technetium, is used. It is rational to divide molybdenum and technetium through distillation.

PACS: 8255.+e

1. INTRODUCTION

To date, in the field of nuclear medicine technetium-
99m is most often used as a radiopharmaceutical. It
has a half-life of 6.02hours [1] and is suitable for scan-
ning of the thyroid and salivary glands, the brain, the
heart and blood vessels. Rhenium is a chemical ana-
logue of technetium and can replace it in experiments
on the separation of technetium.

2. WAYS OF TECHNETIUM OBTAINING

There is a chronic shortage of technetium in the
world. Technetium is made up of molybdenum-99,
which is most often produced in an atomic reactor
made of molybdenum-98 by the reaction of the neu-
tron joining. In uranium fission products, 3...6% of
molybdenum-99 is present, because its allocation is
associated with enormous difficulties due to the very
high activity of the mixture and its complicated ele-
mental composition. Further, the radioactive molyb-
denum, decaying with a half-life of 66hours, gives
technetium-99m. There are also other means of pro-
ducing molybdenum-99 [2], one of which is photonu-
clear using an electronic accelerator to irradiate tar-
gets from molybdenum-100 gamma quanta. At the
same time, from the nuclei of the molybdenum-100,
the neutron is pulled out, and thus a molybdenum-
99 is produced. Assume that the use of electronic
accelerators will help to reduce the cost of produc-
tion technetium and reduce the amount of radioactive
waste [3, 4].

Another important task is to isolate technetium
from the molybdenum matrix. Laboratory devices
for the separation of molybdenum and technetium
(the so-called technetium generators) are based on
different sorption capabilities of their inorganic com-
pounds or on different extraction properties. For gen-
erators of the first type, oxides and hydroxides of met-
als (Al, T i, Zr) as well as selective (chelated) ionites
are used.

Extraction generators have greater efficiency and
allow the use of low-level initial material, which in-
volves methylethylketone (MEK) as a solvent and
reagent. Although technetium generators are not
very complex devices, we have the opportunity to fur-
ther simplify the process of separating molybdenum
and technetium, based on their physical and chemi-
cal properties. Thus oxide technetium of the highest
degree of oxidation boils at 310.5◦ [5, p.560], while
molybdenum oxide only melts at 801◦, and boils at
1155◦ [6, p.128; 7].

In this way you can try to reject technetium oxide
(VII) from the molybdenum matrix. It is practically
impossible to conduct such experiments with tech-
netium as a result of its inaccessibility as a reagent,
although to this day in the world it has reached al-
most 100 tons, and the half-life of technetium-99 is
significant – 213 thousand years, but most of it is
scattered in the environment.

3. EVIDENCE OF THE CHEMICAL
IDENTITY OF TECHNETIUM AND

RHENIUM

Rhenium and technetium have similar chemical prop-
erties, and therefore rhenium can be selected as a
model element for investigating the possibility of sep-
arating technetium and molybdenum in various ways.
We checked the extraction properties of rhenium un-
der the conditions available in the extraction tech-
netium generator.

To study the extraction in a 25ml flask, 0.25 to
2ml of rhenium solution (10mg/l) +10ml of dis-
penser (5M K2CO3) was added and water was added
to the label, the rhenium solutions were identical
to the standard used for calibrating the emission
spectrometer. From the flask, the solutions were
transferred to a separating funnel and extracted for
3minutes two portions of MEK5 and 15ml (in a to-

∗Corresponding author E-mail address: bocharov@kipt.kharkov.ua

ISSN 1562-6016. PROBLEMS OF ATOMIC SCIENCE AND TECHNOLOGY, 2020, N5(129).
Series: Nuclear Physics Investigations (74), p.33-35.

33



tal of 20ml). One sample was made with a single
extraction of 20ml.

After the phase separation, the MEK was evap-
orated, the dry residue was dissolved in 0.1M nitric
acid, transferred to a 25ml volumetric flask and an-
alyzed on a Shimadzu-9000 spectrometer with an
inductively coupled plasma. The results are given in
the Table.

Extraction of rhenium under the conditions of a
technetium generator

Initial Received % rhenium
solutions of rhenium, losses

rhenium, mg/l mg/l

0.1 0.09 10
0.2 0.18 10
0.4 0.35 12
0.8 0.67 16

0.8 single 0.66 18
extraction

It turns out that extraction with one portion of
MEK in 20ml is also effective, as well as two in 5
and 15ml. It has been shown that rhenium is well
extracted by MEK, and its behavior is similar to the
behavior of technetium. The boiling temperatures of
technetium(VII) oxides (310.5◦) and rhenium(VII)
(358.5◦) differ slightly, and therefore, rhenium can
simulate distillation of technetium from solutions.
Although rhenium consumes about 50 tons annu-
ally, it is available as a reagent. The attempts have
been made to disperse technetium from the matrix
of molybdenum oxide, even technology has been pro-
posed, but for almost 20 years it has not been put
into practice [8].

There is no data on the thermal stability of tech-
netium oxide (VII) and it is possible that the melt-
ing point of molybdenum oxide undergoes a partial
destruction of technetium oxide to form non-volatile
lower oxides. We also conducted a preliminary study
of the volatility of molybdenum at high temperatures.

In air at 750◦, the molybdenum is noticeably ox-
idized, and the oxide is deposited on the walls of
the furnace, and at 900◦, it is rapidly oxidized and
evaporated (sublimate), with molybdenum oxidation
destructively acting on the refractory, the porcelain
crucible scattered in the hands, and the furnace shell
burst. This indicates that when the high-temperature
dispersal is achieved, the technetium oxide is contam-
inated with molybdenum.

There are high-yielding inorganic rhenium com-
pounds and molybdenum carbonyl Re2(CO)10 and
Mo(CO)6, but they are formed at a pressure of more
than 20MPa [9, p.376; 10]. Given the difficulties as-
sociated with the selection of equipment and the dif-
ficulties in working in extreme conditions, it is nec-

essary to find more soft conditions for the dispersal
of molybdenum and rhenium. Previous work indi-
cates that rhenium is distilled from solutions of high
boiling acids [11, 12].

However, due to the imperfection of the equip-
ment used for distillation, there is a partial tran-
sition of molybdenum into a rhenium storage de-
vice. The mechanism of the transition of molybde-
num can be explained by splash movement, excretion
of molybdenum-containing molecules at the expense
of Brownian motion, as well as the fact that to in-
crease the volatility of rhenium recommended sup-
plements of hydrochloric acid.

In this case, volatile compounds of molybdenum
oxychloride (MoO2Cl2 and MoOCl4) are formed. It
is noted that in the presence of phosphate ions molyb-
denum is more strongly contained in the solution, pre-
sumably due to the formation of multi-nucleus phos-
phate complexes [13]. In the monograph of Borisova
and Ermakov [14] there was a decrease in the rhe-
nium volatility with the increase of the amount of
added sulfuric acid. They suggest an assumption of
renaissance restoration and transferring it at the ex-
pense of this to a non-lethal compound. Since sulfuric
acid at a concentration of about 80% at elevated tem-
perature is a sufficiently strong oxidant, such a state-
ment is doubtful, and maybe sulfuric acid or other
reagents have some reducing agents. When dispens-
ing technetium, the authors noted [15, 16] that the
quantitative process passes only in the absence of re-
ducing agents in the purge gas.

4. EXPERIMENT ON RHENIUM
DISTILLATION

We conducted an experiment on rhenium distillation
from solution. To 30ml of orthophosphoric acid in a
Wurz flask was added 2 g of molybdenum dissolved in
hydrogen peroxide (perhydrol) and 2mg of rhenium
in the form of 2ml of rhenium solution (concentration
1 g/l) in nitric acid. To form an oxidizing medium,
2 g of manganese dioxide were added. The flask was
heated on an electric furnace. The waste vapor was
cooled in an air fridge.

Condensate was collected in a receiver with alka-
line water. At the end of the distillation (4hours),
the air freshener was washed with a weak ammonia
solution, the washings were combined with the solu-
tion in the receiver. The concentration of rhenium in
the combined solution was determined by the emis-
sion method, using standard solutions of rhenium in
nitric acid for calibration of the spectrometer. The
amount of rhenium discharged, which was previously
exceeded in the flask, was calculated. The search
for the cause of such a large amount of branched-
out rhenium by determining it in all reagents led to
the following conclusion: the oxide of molybdenum
of the mark ”hp” contains not less than 20mg/kg
of rhenium, and the molybdenum metal used for the
manufacture of targets for the electron accelerator
– not less than 30mg/kg. Thus, it turns out that
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with the development of molybdenum-99 on the elec-
tron accelerator and the separation of technetium, it
is contaminated with rhenium, with the amount of
rhenium several orders of magnitude exceeding the
amount technetium. The amount of molybdenum in
discharged rhenium was 4%.

5. CONCLUSIONS

1. It has been proved that rhenium can substi-
tute technetium for the study of the conditions for
the separation of molybdenum and technetium, since
rhenium oxide has practically the same temperature
with boiling gas technetium oxide as well as the same
extraction properties.

2. Rhenium oxide may be distilled from solutions
of phosphoric acid separately from molybdenum.

3. It is necessary to improve the technology of
rhenium distillation to reduce the concentration of
molybdenum in distillation
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ÈÇÓ×ÅÍÈÅ ÂÎÇÌÎÆÍÎÑÒÈ ÎÒÃÎÍÊÈ ÒÅÕÍÅÖÈß ÈÇ ÌÎËÈÁÄÅÍÎÂÛÕ

ÐÀÑÒÂÎÐÎÂ ÍÀ ÏÐÈÌÅÐÅ ÐÅÍÈß

À.È.Àçàðîâ, Â.À.Áî÷àðîâ, À.Ô.Ñòîÿíîâ

Äëÿ èññëåäîâàíèÿ ïðîöåññîâ ðàçäåëåíèÿ ìîëèáäåíà è òåõíåöèÿ èñïîëüçîâàí ðåíèé, êîòîðûé èìååò

áëèçêèå ê òåõíåöèþ õèìè÷åñêèå ñâîéñòâà. Ðàöèîíàëüíî ðàçäåëåíèå ìîëèáäåíà è òåõíåöèÿ ïîñðåäñòâîì

äèñòèëëÿöèè.

ÂÈÂ×ÅÍÍß ÌÎÆËÈÂÎÑÒI ÂIÄÃÎÍÓ ÒÅÕÍÅÖIÞ Ç ÌÎËIÁÄÅÍÎÂÈÕ

ÐÎÇ×ÈÍIÂ ÍÀ ÏÐÈÊËÀÄI ÐÅÍIÞ

Î. I. Àçàðîâ, Â.Î.Áî÷àðîâ, Î.Ô.Ñòîÿíîâ

Äëÿ âèâ÷åííÿ ïðîöåñiâ ðîçäiëåííÿ ìîëiáäåíó òà òåõíåöiþ âèêîðèñòàíî ðåíié, ÿêèé ìà¹ áëèçüêi äî òåõ-

íåöiþ õiìi÷íi âëàñòèâîñòi. Ðàöiîíàëüíèì ¹ ðîçäiëåííÿ ìîëiáäåíó òà òåõíåöiþ øëÿõîì äèñòèëÿöi¨.
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