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Abstract
A procedure for the separation of technetium isotopes from bulk molybdenum was developed in nitric acid media. After 
irradiation of natMo foils, and dissolution in H2O2, the solution is acidified to 2 M HNO3, and anion exchange resin is used 
to separate technetium from molybdenum. The procedure is simple, requiring only basic laboratory equipment and, with a 
two-column separation, the technetium yield is high (~ 85%) with extremely high purity (< 0.1 ppm natMo). This is ideally 
suited for laboratory production of technetium tracer isotopes, particularly 95mTc.
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Introduction

Technetium chemistry is extremely important for some of 
the most critical areas of modern radiochemical research: the 
environmental impacts of the nuclear fuel cycle and radiop-
harmaceuticals. As a long-lived, high-yield fission product, 
environmental studies of 99Tc are extremely important for 
monitoring the release of radionuclides from spent nuclear 
fuel, particular from reprocessing facilities [1–4]. Techne-
tium-99m, the short-lived daughter of 99Mo, is an extremely 
important radiopharmaceutical isotope and is used millions 
of times a year to provide diagnostic information for medi-
cal exams [2–7].

Tracer isotope studies can be a valuable way to study the 
chemistry of technetium to better inform research applica-
tions in these areas. For these studies, 95mTc is often more 
useful than either 99m,gTc due to its more favorable half-life 
and gamma-ray emissions [8, 9]. It can also be used as a 
yield tracer for studies with 99Tc, as no stable isotope of 
technetium is available [3]. Both isomers of 95Tc are read-
ily produced via proton or deuteron irradiation of natMo. 
While carrier-free molybdenum/technetium separations 
are well-characterized, and 99Mo/99mTc isotope generators 
are routinely used worldwide in hospitals and laboratories 

[5, 10], the separation of technetium isotopes from bulk 
molybdenum targets is more challenging [10]. There is 
active research in this area [5, 7, 11, 12], largely to ensure 
the continued availability of 99mTc for nuclear medicine, but 
general methods are not well established and new research 
in this area often involves complex chemistry designed to 
meet the stringent purity requirements for medical applica-
tions. A number of proprietary resins are being developed 
to respond to this need, including AnaLig®Tc-02 resin from 
IBC Advanced Technologies Inc. and the TK series of resins 
(TK-201, -202, -TcScint) from Triskem International. For 
tracer isotope production, which is not subject to the strin-
gent limitations imposed by biological compatibility con-
cerns, a simple, high-yield, high purity separation without 
an excess of radioactive waste would be ideal.

Methods suggested in the literature for the separation of 
technetium from bulk molybdenum include column chro-
matography [1, 7, 8, 11, 13], sublimation [6, 14, 15], ther-
mochromatography [16], and liquid–liquid extraction [8, 
10, 17]. Column chromatography is often advantageous 
compared to other techniques as there is less waste and usu-
ally higher separation factors for a single pass separation. 
Columns require no specialized equipment nor handling 
radioactive gases (as with sublimation and thermochroma-
tography techniques). However, many of the column separa-
tions in the literature require organic compounds, particu-
larly ammonium thiocyanate [13] and tetrabutyloammonium 
bromide with dicholomethane [7, 18], that have toxicity con-
cerns and could lead to trace organics in the final product 
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unless specific purification steps are taken, which can be 
undesirable. Other column Extraction chromatography with 
Aliquat 336-based resins have been used for the separation 
of 99Tc from molybdenum as well [1, 8], though reported 
yields are low, likely due to peroxide damage to the resin as 
hydrogen peroxide is generally used to dissolve molybdenum 
[8]. A common procedure employs ammonium carbonate 
((NH4)2CO3) to retain technetium on anion exchange resin 
while molybdenum is eluted [11, 19], followed by stripping 
of technetium with nitric acid [11] or water [19].

As the ammonium carbonate-based separations typically 
have high reported yields, initial studies were conducted 
to compare a new separation against a literature procedure 
[11] under the same conditions. Based on these results, a 
simple procedure was developed with improved purification 
of molybdenum from technetium in a nitric acid medium 
with anion exchange resin. The procedure is high yield and 
high purity, suitable for tracer isotope studies for a variety 
of radiochemical applications.

Experimental

Separations were performed with anion exchange resin (AG 
1 × 8, 100–200 mesh, BioRad). Solutions of HNO3 and HCl 
were prepared from ULTREX II ultra-pure acids (J.T. Baker) 
diluted with Aristar ultra-pure water (VWR International), 
as necessary. The concentrated HNO3 had a concentration of 
15.33 M based on the specific batch analysis performed by 
J.T. Baker. Ammonium carbonate (ACS reagent, Merck) and 
sodium hydroxide (ACS reagent, Sigma) were dissolved in 
Aristar ultra-pure water (VWR International) to make solu-
tions. The anion exchange resin was prepared by washing 
with 1 M HCl, water, 1 M NaOH, water, 1 M HCl, water, 
1 M NaOH, water (two times), ethanol, and water; it was 
stored in dilute HCl.

Two molybdenum foils (99.98%, 20 µm thick, Goodfel-
low) were irradiated at the Center for Accelerator Mass 
Spectrometry (CAMS) at Lawrence Livermore National 
Laboratory (LLNL) with 11 MeV protons using a 10-MV 
FN tandem Van de Graaff accelerator. The total irradiation 
time was 3 h with an average beam intensity of 1200 nA. 
Each foil was counted at the Nuclear Counting Facility at 
LLNL to determine the technetium isotopes and activities 
(listed in Table 1 along with relevant decay information). 
The foils were then left to decay for a sufficient period 
(~ 2 months) for all isotopes other than 95mTc to decay to 
near background. While 95gTc is short-lived (20.0 h), it is 
still present after the decay period because there is an equi-
librium between the short-lived ground state and longer-
lived metastable state, which has a minor isomeric transition 
(IT) decay branch (3.88%).

Foil 1 (15.94 mg) was cut approximately into quarters, 
and two of these were used to directly compare two different 
chemical procedures, one novel separation and one based 
on a procedure from the literature [11]. The remainder of 
Foil 1 and all of Foil 2 (14.68 mg) were used to test the final 
separation procedure. A flow chart of the sample processing 
based on the initial irradiated foils is shown in Fig. 1.

For the chemical procedure tests, all gamma-ray spec-
trometry measurements were performed with an HPGe 
gamma-ray detector with Ortec NIM electronics and ASPEC 
multi-channel analyzer; spectra were analyzed with Maestro 
software (Ortec). Measurements of all column fractions were 
relative to the load solution, and all samples were counted 
in the same geometry immediately after elution. Mass spec-
trometry measurements were performed with a Thermo Sci-
entific iCAP quadrupole inductively coupled plasma mass 
spectrometer (ICP-MS). Full quantitative analysis was done 
with a linear calibration curve based off external standards. 
An internal standard was used to correct for matrix signal 
suppression and instrument drift. The uncertainty on the 

Table 1   The technetium 
isotopes and activities produced 
in the irradiation along with the 
relevant nuclear data for these 
isotopes [20]

The activities were measured 6 h post-irradiation and decay corrected back to the end of the irradiation. If 
the isotope was not detected in the foil it is indicated with “ND” (not detected)

Isotope Isomer Decay mode Half-life Activity in foil 1
(µCi)

Activity in foil 2
(µCi)

93Tc Ground ε 2.75 h 8.33 ± 0.30 12.22 ± 0.50
Meta ε, IT 43.5 m ND ND

94Tc Ground ε 293 m 121.1 ± 2.4 119.5 ± 2.2
Meta ε 52.0 m 1209 ± 59 1270 ± 74

95Tc Ground ε 20.0 h 213.9 ± 2.6 240.4 ± 3.9
Meta ε, IT 61 d 1.40 ± 0.11 1.55 ± 0.17

96Tc Ground 4.28 d 4.28 d 72.25 ± 1.23 73.92 ± 1.18
Meta ε, IT 51.5 m 3864 ± 270 4114 ± 465

99Tc Ground β− 2.111 × 105 y ND ND
Meta β−, IT 6.0072 h 152.1 ± 3.0 158.9 ± 4.3
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mass spectrometry measurements is two standard devia-
tions (2SD).

Initial comparison studies

The samples Q1 and Q2 were each placed into a 5 mL tube 
and dissolved in hydrogen peroxide (H2O2, 30% wt, non-sta-
bilized, Acros). The tubes were capped and heated (60 °C) 
during the dissolution to ensure no loss of technetium as it 
can be volatile in oxidizing solutions [21]. After cooling to 
room temperature, each solution was diluted to 2 mL (see 
Table 2) depending on the final concentration desired for 
the load solution. To Q1, 1 mL 4 M HNO3 was added and to 
Q2 0.5 mL 3 M (NH4)2CO3 was added based on Ref. [11]. 
A 20 µL aliquot was removed from each solution for mass 
spectrometry analysis and the samples were counted with an 
HPGe detector. Each sample was loaded onto a 2 mL Bio-
Rad column filled with 4.2 cm AG 1 × 8 resin and precondi-
tioned with 8 mL of the same solution as the load solution. 
Fractions were collected in 2 mL increments; the elution 
details are given in Table 2.

Full separation procedure

Once the initial separations were completed and the 
results compared, the other samples from the irradiated 

molybdenum foils (Sample 1 and Sample 2; see Fig. 1) 
were prepared for separation. Each sample was placed in 
a 5 mL tube with 1 mL H2O2. The tubes were capped and 
heated at 60 °C until the foil dissolved (~ 1 h). The solution 
was allowed to cool, then 1 mL 4 M HNO3 was added. A 
20 µL aliquot of each solution was removed for mass spec-
trometry analysis. Anion exchange columns were prepared 
identically to the previous ones (4.2 cm AG 1 × 8 resin) 
and pre-conditioned with 8 mL 2 M HNO3 immediately 
before elution. Each dissolved molybdenum sample was 
loaded onto a column; the load fraction was collected, 
followed by 10 mL 2 M HNO3, then 10 mL conc. HNO3. 
All fractions were 2 mL. For each column, the fraction 
with the majority of the activity (fraction 7) was diluted 
to ~ 15 mL to result in a final concentration of 2 M HNO3. 
This was loaded onto a second anion exchange column 
prepared and conditioned identically to the first. The load 
solution was collected, followed by elution with 10 mL 
2 M HNO3 and 10 mL conc. HNO3, all collected in 2 mL 
fractions. After each fraction was counted with gamma 
spectroscopy, as before, a 20 µL aliquot was removed from 
the fraction with the highest activity (fraction 7) for mass 
spectrometry analysis.

Fig. 1   Experimental flow chart 
showing how the irradiated 
molybdenum foils were used 
for initial comparison studies 
followed by a test of the final 
separation procedure with two 
samples for each set of experi-
ments. Each sample is referred 
to in the text by the name in 
parenthesis (i.e. “Q1” or “Sam-
ple 1”)

Table 2   Solutions for initial dissolution and column separations for Samples A and B. Column fractions were collected in 2 mL increments

Sample H2O2 used for 
dissolution (mL)

Dilution Final concentration (load solution) Column elution

Q1 1 1 mL 4 M HNO3 2 mL 2 M HNO3 Load Fraction, 10 mL 2 M HNO3 and 10 mL conc. 
HNO3

Q2 1.5 0.5 mL 3 M (NH4)2CO3 2 mL ~ 3% (NH4)2CO3 Load Fraction, 8 mL ~ 3% (NH4)2CO3, 4 mL H2O, 
4 mL 4 M HNO3, 8 mL conc. HNO3
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Results and discussion

Initial comparison studies

The results from the initial columns are shown in Fig. 2. 
These columns compared a new procedure (Fig. 2a) with a 
procedure from the literature (Fig. 2b). The elution pattern 
is fairly similar for each. Technetium-95 is well retained 
from the load solution and stripped with a high yield 
in concentrated HNO3. In the new procedure (Fig. 2a), 
molybdenum is eluted from the column with only 2 M 
HNO3, which is immediately followed by elution of tech-
netium with conc. HNO3. The procedure based on the lit-
erature elutes molybdenum with (NH4)2CO3 to followed 
by a rinse with water, likely to ensure the column is not 
basic when acid is added in the next step [11]. While Ref. 
[11] uses 4 M HNO3 to elute technetium, after no 95mTc 
was detected after eluting the column in Fig. 2b with 2 bed 
volumes of 4 M HNO3, the eluant was switched to con-
centrated HNO3 to enable a high yield in a small number 
of bed volumes. For each column, all of the technetium 
fractions were combined after elution and an aliquot was 
removed to determine the final concentration of molybde-
num with mass spectrometry. The mass spectrometry data 
comparing the initial and final concentrations of molybde-
num in each sample are shown in Table 3 along with the 
total yield of 95mTc for each column.

The yield from these separations is similar (within 
error). However, the reduction in molybdenum mass is ~ 4 
times better for Q1 than for Q2. In the separation used for 
Q1, for which both the load solution and the molybdenum 
elution used a 2 M HNO3 solution, the pertechnetate anion 
(TcO4

−) is retained in 2 M HNO3, while molybdenum can 
be eluted as a cation (MoO2

2+) [22]. In the separation used 
for Q2, with a (NH4)2CO3 solution used for both the load 
solution and elution of molybdenum, molybdenum forms a 
neutral species (NH4)2MoO4, which elutes, while TcO4

− is 
retained. Technetium is eluted from both columns as the 
concentration of HNO3 increases. The improvement in 
molybdenum stripping in 2 M HNO3 is difficult to fully 
describe as neither the cationic MoO2

2+ nor the neutral 
(NH4)2MoO4 should have any affinity for the resin. How-
ever, as the results for Q1 were clearly better than for Q2, 
a procedure to purify technetium tracer isotopes from the 
remaining foil samples was developed based on the condi-
tions used for the Q1 separation.

Full separation procedure

The larger foils samples, Sample 1 (the other half of foil 1) 
and Sample 2 (all of foil 2), were dissolved and eluted on 

anion exchange columns identically to Sample A. Despite 
the varying masses of molybdenum, the elution profiles 
were extremely similar as shown in Fig. 3.

To further reduce the amount of molybdenum remain-
ing in the samples, the fraction with the most technetium 
from each column (fraction 7) was diluted to 2 M HNO3 
and eluted again on an identical anion exchange column. 
The results from this second separation are shown in 
Fig. 4. The load fraction (~ 16 mL) was much larger than 
the previous columns, but the column yield was extremely 
high (~ 100%) for 95mTc, likely due to the reduced molyb-
denum mass. The yields for each column, as well as the 
total yields, are shown in Table 4. The initial and final 
concentrations of molybdenum for each sample are shown 
in Table 5.

After the two columns, the concentration of molybde-
num is only slightly elevated from the background level, 
which, in ultra-pure acid, is 0.0064 ± 0.001 µg/g. Direct 
purity comparisons to other procedures in the literature 
can be difficult as often an absolute concentration is not 
reported, and the initial mass varies between experiments. 
For example, Refs. [11] and [18] both report a final con-
centration of molybdenum as < 10 ppm, but Ref. [11] has 
an initial concentration of molybdenum similar to this 
work, while Ref. [18] is two orders of magnitude higher. 
Reference [15] separated 99mTc from small molybdenum 
targets (~ 10  mg) with < 1  µg molybdenum remaining 
in the technetium product, which would indicate about 
0.01% of the molybdenum mass remaining in the final 
product, despite a multi-step chemical procedure includ-
ing a precipitation, sublimation and a column. This work 
used smaller targets (~ 7 mg maximum) but achieved a 
larger reduction of molybdenum with a far simpler chemi-
cal procedure. Other works, e.g. [7] and [10], report the 
purity in terms of the radiopurity by detected 99Mo in acti-
vated, bulk 100Mo, which is not easily compared to a mass 
concentration.

In terms of yield, the results from this work improve 
upon Ref. [8] and are comparable to or better than Ref. 
[7], which achieves yields of ~ 85% with a technetium 
specific resin (AnaLig Tc-02), but lower yields with 1 × 8 
resin (~ 75%), as used on this work. Reference [12] also 
employs AnaLig Tc-02 and with a 3-column procedure 
is able to achieve a high technetium yield (~ 90%) with 
minimal molybdenum contamination in the final product 
(< 0.04 ppm) despite a large starting mass (250 mg). This 
separation may be preferrable if the expense of acquiring 
the AnaLig resin is not prohibitory. The procedure used 
in this work is ideally suited to rapid, small scale labora-
tory production of technetium tracer isotopes. The yield 
and purity for the two-column procedure are high, and the 
separation can be performed rapidly (~ 3 h) with minimal 
equipment, low costs and no organic waste.
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Fig. 2   Comparison of 95mTc 
elution on AG 1 × 8 resin from 
solutions of dissolved molybde-
num in HNO3 and (NH4)2CO3 
solutions. The load solutions 
and all fractions were 2 mL. 
The initial concentration of 
molybdenum was ~ 220 µg/g 
solution. The elution of molyb-
denum is not plotted as there 
were no gamma-ray emissions 
from a molybdenum isotope. 
Most error bars are smaller 
than the data points; lines are to 
guide the eye
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Table 3   Concentration of 
molybdenum in each sample 
before and after separation

Sample Initial concentra-
tion natMo (µg/g)

Final concentration natMo 
in 95mTc fractions (µg/g)

% natMo mass remaining 95mTc yield (%)

Q1 2085 ± 95 62.09 ± 0.43 2.978 ± 0.137 92.6 ± 3.8
Q2 2468 ± 84 330 ± 14 13.37 ± 0.73 100.3 ± 4.1

Fig. 3   Elution of 95mTc on AG 
1 × 8 resin from solutions of 
dissolved molybdenum in 2 M 
HNO3. The load solutions and 
all fractions were 2 mL. The 
initial concentration of molyb-
denum was 3.4 mg/g solution 
(Sample 1) and 7.3 mg/g solu-
tion (Sample 2). The elution of 
molybdenum is not plotted as 
there was no gamma emission 
from a molybdenum isotope. 
Most error bars are smaller 
than the data points; lines are to 
guide the eye

Fig. 4   Second pass separa-
tion of 95mTc from natMo on 
AG 1 × 8. The load solution 
was ~ 16 mL; other fractions 
were 2 mL. The elution of 
molybdenum is not plotted as 
there was no gamma emission 
from a molybdenum isotope. 
Most error bars are smaller 
than the data points; lines are to 
guide the eye

Table 4   Columns yields for the 
separation of 95mTc from natMo 
as well as the total yield. The 
yields of column 2 as listed in 
the table are based on Fraction 7 
of column 1 as this was the load 
solution for column 2

Sample Column 1 yield
(%)

Column 1 
fraction 7 
yield
(%)

Column 2 yield
(%)

Column 2 frac-
tion 7 colum 
yield
(%)

Total 95mTc yield (%)

1 95.4 ± 3.9 84.4 ± 3.8 105.7 ± 5.1 100.3 ± 4.6 84.6 ± 3.6
2 98.6 ± 2.6 85.3 ± 2.5 104.8 ± 2.9 98.9 ± 2.8 84.3 ± 2.4
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Conclusions

Tracer isotopes are useful to study the chemistry of techne-
tium for a variety of applications including the environmental 
effects of the nuclear fuel cycle and radiopharmaceuticals. 
While there is a considerable amount of active research into 
separations of 99mTc from molybdenum for the production 
of 99mTc for nuclear medicine applications, there are fewer 
separations suitable for basic laboratory production of tracer 
isotopes, which do not need to meet stringent requirements 
based on biological compatibility. To assess the development 
of a new, simple procedure for the separation of technetium 
tracer isotopes from bulk molybdenum, a comparison study 
was performed initially. The separation developed in this work 
was compared under identical conditions to a procedure well-
known in the literature and the yield was comparable, while 
the purity was improved.

Therefore, a two-column procedure was developed to 
enable high-yield, high purity separations of technetium from 
irradiated molybdenum foils. The purity is extremely high with 
the concentration of molybdenum reduced to near background 
levels with a high yield (~ 85%). The procedure uses only basic 
equipment and does not involve radioactive gasses or produce 
organic waste, as in sublimation separations and liquid–liquid 
extraction separations. It improves upon other tracer isotope 
separation procedures with 1 × 8 anion exchange resin in terms 
of the yield and produces technetium suitable for a variety of 
tracer isotope applications.
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